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About the Center for Evidence-based Policy

The Center for Evidence-based Policy (Center) is recognized as a national leader in evidence-
based decision making and policy design. The Center understands the needs of policymakers
and supports public organizations by providing reliable information to guide decisions,
maximize existing resources, improve health outcomes, and reduce unnecessary costs. The
Center specializes in ensuring diverse and relevant perspectives are considered, and
appropriate resources are leveraged to strategically address complex policy issues with good
quality evidence and collaboration. The Center is based at Oregon Health & Science University
in Portland, Oregon.

Nature and Purpose of Technology Assessments

This technology assessment report is based on research conducted by a contracted technology
assessment center, with updates as contracted by the Washington State Health Care Authority.
This report is an independent assessment of the technology question(s) described based on
accepted methodological principles. The findings and conclusions contained herein are those of
the investigators and authors who are responsible for the content. These findings and
conclusions may not necessarily represent the views of the HCA/Agency and thus, no statement
in this report shall be construed as an official position or policy of the HCA/Agency.

The information in this assessment is intended to assist health care decision makers, clinicians,
patients and policy makers in making sound evidence-based decisions that may improve the
guality and cost-effectiveness of health care services. Information in this report is not a
substitute for sound clinical judgment. Those making decisions regarding the provision of health
care services should consider this report in a manner similar to any other medical reference,
integrating the information with all other pertinent information to make decisions within the
context of individual patient circumstances and resource availability.
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This document was prepared by the Center for Evidence-based Policy at Oregon Health & Science University
(the Center). This document is intended to support organizations and their constituent decision-making
bodies to make informed decisions about the provision of health care services. The document is intended as a
reference and is provided with the understanding that the Center is not engaged in rendering any clinical,
legal, business or other professional advice.

The statements in this document do not represent official policy positions of the Center. Researchers and
authors involved in preparing this document have no affiliations or financial involvement that conflict with
material presented in this document.
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Executive Summary
Background

Over the past 20 years, robotic surgical systems have been developed to assist surgeons with
performing minimally-invasive procedures. Designed to increase surgical precision and
minimize complications, these systems may afford better outcomes for patients than traditional
laparoscopic surgery or open surgery. In 2000, the da Vinci robot was approved by the Food
and Drug Administration (FDA) for general laparoscopic surgery. Numerous other indications
for the da Vinci system have since been approved by the FDA, including urological procedures,
gynecologic laparoscopic procedures, general thoracoscopic procedures, and others.

Clinical and epidemiological overview

Radical prostatectomy, hysterectomy, nephrectomy, and cardiac valve repair are among the
most common applications of the da Vinci surgical system. While various cancer surgeries are
often the primary indications for these procedures, other indications are also common,
including benign neoplasms (e.g., uterine fibroids), as well as damaged or defective anatomical
features (e.g., valvular heart disease). Many procedures are associated with increased
complexity, operative times, and technical difficulty when attempted laparoscopically, and
open laparotomy approaches are the current standard of care. For these procedures, robotic-
assisted surgery is appropriately compared to the open approach.

Technology overview

Overall, the da Vinci system is designed to improve upon traditional laparoscopic surgery by
providing three-dimensional visualization, improved ergonomics, and increased precision.
Intuitive Surgical defines the da Vinci surgical system by its four main components: the surgeon
console, the patient-side cart, the EndoWrist instruments, and the vision system. Surgeons use
the computer console during procedures to view the surgical field and control the robotic arms.
Three to four robotic arms, which are coupled to the patient-side cart, maneuver under the
surgeon’s direction. At the console, the surgeon uses EndoWrist surgical instruments that are
designed to mimic human wrists by allowing seven degrees of motion. The vision system
displays the surgeon’s field of view to the operating room team.

Cost information

Both the necessity of intensive surgeon and surgical team training and the financial costs
associated with these systems are significant considerations. The da Vinci system itself costs
$1.0M to $2.3M, depending on options, and disposable instrument costs, per procedure, range
from $1,300 to $2,200 in the United States. An annual service agreement totaling $100K to
$170K per year is also required. Surgeons require initial device training from the manufacturer,
as well as clinical training and continuing education. Depending on the complexity of the
procedure and the surgeon’s skill level, the learning curve may be steep and length of the
clinical training period may be significant.

Robotic Assisted Surgery — Final Evidence Report — April 15, 2012 2
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Policy context

The promises of minimally invasive surgery have captured the attention of patients,
practitioners, and healthcare administrators alike. Faster recovery times and fewer
complications would likely translate to shorter hospital stays, which may also help to minimize
cost. Whether robotic-assisted surgery provides better outcomes than other minimally invasive
techniques are important questions still under research. In 2007, the American Medical
Association determined that an additional CPT code for robotic-assisted procedures was not
necessary. As such, robotic-assisted procedures are reimbursable at the same rate as non-
robotic procedures. Nevertheless, demand for robotic-assisted surgery is rising. Intuitive
Surgical reported that 278,000 da Vinci procedures were performed in 2010, representing a
35% increase from 2009. An additional 30% increase in the number of procedures was expected
for 2011. Prostatectomy procedures made up approximately one quarter of all robotic
procedures performed in 2010, while hysterectomy procedures made up more than one third.
As of the first quarter of 2012, 37 da Vinci Surgical Systems had been installed in the State of
Washington. According to the company, since its first da Vinci System shipment, Intuitive
Surgical has expanded its installed base to more than 1,500 academic and community hospital
sites across the United States, while sustaining growth in excess of 25% annually.

Methods

Key Questions

KQ 1: What is the evidence of the clinical efficacy and effectiveness of robotic assisted surgery
compared with open or laparoscopic approaches not using robotic assistance? Does robotic
assisted surgery improve patient outcomes? Include consideration of short and long-term
outcomes, and assessment of clinically meaningful outcomes.

KQ 2: For robotic assisted surgery, what is the evidence of the severity and incidence of safety
or adverse event concerns compared with open or laparoscopic approaches? Include
consideration of morbidity, mortality, reoperation, excess bleeding, and extended hospital stay.

KQ 3: What is the evidence that robotic assisted surgery has differential efficacy or safety issues
in sub populations? Including consideration of:

a. Gender;

b. Age;

c. Psychological or psychosocial co-morbidities;

d. Other patient characteristics or evidence based patient selection criteria, especially
comorbidities of diabetes and high BMI;

e. Provider type, experience, or other characteristics and setting (including facility/team
experience); and

f. Payer / beneficiary type including worker’s compensation, Medicaid, state employees.

KQ 4: What is the evidence of cost and cost-effectiveness of robotic surgery compared with
open or laparoscopic approaches?

Robotic Assisted Surgery — Final Evidence Report — April 15, 2012 3
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Methods — Evidence

For this WA HTA report, a search was conducted to identify published systematic reviews and
individual studies (from January 2002 to January 2012) in the MEDLINE® database. An
additional search using the Medicaid Evidence-based Decisions (MED) Project primary sources
was completed to identify systematic reviews (SRs) and technology assessments (TAs) (from
January 2002 to January 2012).

Articles were included if they compared a robotic-assisted procedure to the same type of
procedure performed without robotic assistance, either by conventional laparoscopy or open
laparotomy. For Key Questions #1, #2, and #3, systematic reviews (SRs), technology
assessments (TAs), meta-analyses (MAs), randomized controlled trials (RCTs), controlled clinical
trials or comparative observational studies were included. For Key Question #4, all relevant
economic evaluations were included. Exclusions include obsolete robotic systems, studies that
addressed pediatric populations, and those robotic systems not designed to improve
procedures otherwise performed by laparoscopy or laparotomy.

The methodological quality of the included studies was assessed using standard instruments
developed and adapted by the Center for Evidence-based Policy (CEbP) and the MED Project
that are modifications of the systems used by National Institute for Health and Clinical
Excellence (NICE) and the Scottish Intercollegiate Guidelines Network (SIGN) (NICE 2009; SIGN
2009). Each study was assigned a rating of good, fair, poor, based on its adherence to
recommended methods and potential for biases. The methodological quality of the economic
studies was rated (good, fair, poor) using a standard instrument developed and adapted by the
CEbP and the MED Project that are modifications of the British Medical Journal (Drummond
1996), the Consensus on Health Economic Criteria list (Evers 2005), and the NICE economic
evaluation checklist (NICE 2009). The overall strength of evidence was rated (good, moderate,
low, or very low) using a modified version of the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) system (Guyatt 2008).

A systematic review using best evidence methodology was used to search and summarize
evidence for Key Questions #1 through #3 as outlined below:

e Complete search of the Medicaid Evidence-based Decisions Project primary evidence
sources;

e Existing good quality SRs and TAs summarized for each key question;

e [f there were two or more comparable SRs or TAs identified and one was more recent,
of better quality, or more comprehensive, then the other review(s) were excluded;

e Additional search of the MEDLINE® database completed to identify subsequently
published studies. Individual studies published after the search dates of the last good
quality review were appraised and synthesized with the results of the good quality SR;
and

Robotic Assisted Surgery — Final Evidence Report — April 15, 2012 4
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e |[f there were no good quality reviews identified, a search, an appraisal, and a summary
of primary individual studies were completed for the last 10 years (January 2002 to
January 2012).

For Key Question #4, all relevant economic evaluations were included.

Methods — Guidelines

A search for relevant clinical practice guidelines was conducted using a list of predetermined
high quality sources from the MED Project and additional relevant specialty organizations and
associations. Guidelines included were limited to those published after 2006. The
methodological quality of the guidelines was assessed using an instrument adapted from the
Appraisal of Guidelines Research and Evaluation (AGREE) Collaboration (AGREE Next Steps
Consortium 2009). Each guideline was assigned a rating of good, fair, poor, based on the
adherence to recommended methods and the potential for biases.

Methods — Policies

At the direction of the WA HTA program, select payer policies were searched and summarized.
Aetna, Blue Cross Blue Shield, Group Health, and Medicare National and Local Coverage
Determinations were searched using the payers’ websites.

Findings

For the key questions, the core sources search identified 107 SRs and TAs, of which five met
inclusion criteria. The MEDLINE® search retrieved 537 citations, of which 54 articles were
included. Most of these studies were retrospective observational cohort studies and were rated
as lower quality. An additional 223 studies were submitted during the public comment period
for this report. Of these, 20 were found eligible for inclusion (19 cohort studies and one
economic analysis). A detailed list of excluded studies and their reasons for exclusion is found in
Appendix B. All included studies are detailed in the evidence tables included in Appendix D.

The findings below are grouped by procedure, with results for each key question #1 through #4
below the procedure.

Prostatectomy

There were 55 prostatectomy studies identified comparing robotic surgery with either open or
laparoscopic surgery, which addressed the clinical key questions. There were 51 studies
identified in the SR selected as the sole source of evidence for this procedure, the Ho [CADTH]
(2011) TA. Study quality was assessed by Ho and colleagues as being high in one study, good in
six studies, fair to good in 35 studies, poor to fair in eight studies, and poor in one study.1 An

! CADTH describes their quality assessment tool as a modified version of Hailey et al.’s. Studies are rated on a scale
of A to E, where A indicates high quality with a high degree of confidence in study findings; B indicates good quality
with some uncertainty about the study findings; C indicates fair to good quality with some limitations that should
be considered in any implementation of the study findings; D indicates poor to fair quality with substantial
limitations in the study findings; which should be used cautiously; and E indicates poor quality with unacceptable
uncertainty in the study findings.

Robotic Assisted Surgery — Final Evidence Report — April 15, 2012 5
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additional four studies were identified updating this TA which were quality rated using a
standard CEbP tool. One study was quality rated as good, one as fair, and two as poor.

KQ1: There is moderate strength of evidence suggesting that the robotic-assisted radical
prostatectomy (RARP) procedure, compared to open or laparoscopic approaches, was
associated with shorter hospitals stays and reduced blood loss and transfusion rates.
There is moderate strength of evidence that the robotic procedure had increased
operative times, reduced positive-margin rates, increased urinary continence, and
greater likelihood of sexual function compared to open surgery. There is moderate
strength of evidence to suggest that RARP, compared with a laparoscopic approach, had
reduced operative times and no difference in positive surgical margin rates. There is low
strength of evidence that those undergoing robotic prostatectomy and the open
procedure had similar biochemical recurrence-free survival.

KQ2: There is moderate strength of evidence that RARP complication rates are not
significantly different compared to open radical prostatectomy (ORP) or laparoscopic
radical prostatectomy (LRP) procedures.

KQ3: There is moderate strength of evidence that surgeons experienced in RARP were
noted to have improvements in most clinical outcomes (except estimated blood loss
[EBL]), when compared to less experienced surgeons.

KQ4: The overall strength of the economic evaluation evidence for the following findings
is moderate:

o Comparisons between the various prostatectomy procedure groups (robotic,
open, laparoscopic), did not reveal clinically important differences in the major
outcomes (mortality, morbidity, quality of life [QoL], disease recurrence).

o A cost-minimization study found that RARP was more expensive than ORP
(incremental cost $3,860 per patient) and LRP (incremental cost $4,625). The
incremental costs of RARP might have been reduced by increasing caseload, with
significant cost reductions seen in the first 200 cases. A benefit of using the robot
is a potential saving on hospitalization costs because of reduced lengths of
hospital stay. The cost of the robot included in this economic analysis is for the
newer model (da Vinci Si; US$2.6 million). However, the model reported in most
of the literature is the older model (da Vinci; US$1.2 million). If this analysis had
been carried out using the costs of the earlier model, the increased incremental
costs of both comparisons (RARP vs. ORP and RARP vs. LRP), would have been
roughly half what is reported above.

Hysterectomy

There were 34 hysterectomy studies identified comparing robotic surgery to either open or
laparoscopic surgery, which addressed the clinical key questions. There were 26 studies
identified in the SR selected as the sole source of evidence for this procedure, the Ho [CADTH]
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(2011) TA. Study quality was assessed by Ho and colleagues as being good (five studies), fair to
good (16 studies), and poor to fair (five studies). An additional eight studies were identified
updating this TA, which were quality rated using a standard CEbP tool. Two of these studies
were quality rated as good, two as fair, and four as poor.

e KQ1: There is moderate strength of evidence that robotic hysterectomy, compared to
open hysterectomy, was associated with increased operative times, shorter length of
stay (LOS), reduced risk of transfusion, and reduced EBL. The strength of evidence
regarding robotic compared to laparoscopic hysterectomy is moderate for shorter LOS,
and reduced EBL, and no statistically significant differences for operative duration or risk
of transfusion. The strength of evidence is low that robotic hysterectomy and
laparoscopic hysterectomy were associated with similar cancer recurrence rate at
approximately 2.5 years. The strength of evidence is low that robotic hysterectomy was
associated with lower pain scores initially, but similar pain score later when compared
to laparoscopic hysterectomy.

e KQ2: The overall strength of evidence is moderate that robotic hysterectomy has lower
incidence of complications than laparoscopic and open approaches. Further, the
strength of evidence is moderate that the types of complications reported are similar
between groups.

e KQ3: There is low strength of evidence, based on consistent findings across three
studies, that robotic versus open hysterectomy in obese and morbidly obese patients
results in increased operative time but reduced EBL, LOS and rates of complications.
There is low strength of evidence that complications associated with open surgery may
be more severe than those associated with robotic surgery among obese women. There
is low strength of evidence that surgical proficiency is achieved earlier with robotic than
laparoscopic total hysterectomy approaches. There is low strength of evidence that
surgeon experience can influence robotic hysterectomy outcomes in terms of EBL and
operative time, while outcomes after laparoscopic hysterectomy are not significantly
different depending on surgeon experience.

e KQ4: The strength of the economic evaluation evidence is moderate that robotic surgery
was generally the most costly, followed by open, and then by laparoscopic approaches.
The strength of evidence is moderate that these costs were influenced primarily by
operative times, LOS, and the cost of supplies, and that the incremental costs were
influenced by robotic caseload. There is a very low strength of evidence that
postoperative pain management costs were lower in robotic hysterectomy than
traditional laparoscopic hysterectomy.

Nephrectomy

There were 12 nephrectomy studies identified comparing robotic surgery with either open or
laparoscopic surgery, which addressed the clinical key questions. There were 10 studies
identified in the SR selected as the sole source of evidence for this procedure Ho [CADTH]
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(2011) TA. Study quality was assessed by Ho and colleagues as being good (one study), fair to
good (eight studies), and poor to fair (one study). An additional two studies were identified
updating this TA, which were quality rated using the standard CEbP tool. These two studies
were quality rated as good. Most of these studies were observational and retrospective in
design, and were rated as low quality on this basis.

e KQ1: There is low strength of evidence that robotic compared to laparoscopic partial
nephrectomy was associated with shorter LOS, reduced warm ischemic time, mixed
results in operative duration, and no significant differences in EBL or risk of transfusion.
There is very low strength of evidence that robotic radical nephrectomy, compared to a
laparoscopic approach resulted in longer operative times, but similar blood loss,
incidence of transfusion and LOS. There is very low strength of evidence that robotic
radical nephrectomy, compared to open radical nephrectomy, resulted in longer
operative times, shorter LOS, lower EBL and similar transfusion rates.

e KQ2: There is very low strength of evidence that robotic partial nephrectomy and
laparoscopic partial nephrectomy had similar complication rates. There is very low
strength of evidence that robotic, laparoscopic and open radical nephrectomy had
similar complication rates.

e KQ3: There is very low strength of evidence that robotic partial nephrectomy, compared
to a laparoscopic partial approach resulted in no changes in selected surgical outcomes
associated with a learning curve.

e KQ4: There is very low strength of evidence that the direct and indirect costs for robotic
nephrectomy are higher than laparoscopic nephrectomy, but there were mixed results
when compared to open surgery. The limited information regarding patients and
interventions make drawing conclusions from this cost information unclear.

Cardiac Surgery

There were nine studies identified comparing robotic-assisted with non-robotic-assisted cardiac
surgeries, which addressed the clinical key questions. Eight of these studies were identified in
the SR, selected as the sole source of evidence for this procedure Ho [CADTH] (2011) TA. Study
guality was assessed by Ho and colleagues as being high quality (one study), fair to good quality
(six studies), and poor to fair quality (one study). An additional study was identified updating
this TA, which was quality rated as good using a standard CEbP tool. Most of these studies were
observational and retrospective in design, and were rated as lower quality on this basis.

e KQ1: The strength of evidence is low that the robotic procedures were associated with
longer operative time and shorter LOS, but no statistically significant differences in
transfusion rates when compared to non-robotic procedures. These studies were
limited by small sample sizes and various technical detail differences across
interventions. The generalizability of these results is unclear.

Robotic Assisted Surgery — Final Evidence Report — April 15, 2012 8
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KQ2: There is low strength of evidence on adverse events. Complication rates are mixed
among intervention groups.

KQ3: There is low strength of evidence that surgical experience improved robotic mitral
valve repair perioperative outcomes compared to open surgery. Evidence which
addresses this key question is limited to a single study of one type of the various cardiac
surgeries included in this topic. These findings, therefore, cannot be generalized and the
overall strength of evidence for all other cardiac surgery outcomes is very low.

KQ4: The overall strength of evidence on robotic-assisted cardiac procedures is low that
the robotic compared to open surgery groups incurred higher average patient costs.
However this was consistent findings across all types of cardiac procedures analyzed.
The evidence base for cardiac surgery is limited with small sample sizes and many
different types of interventions reported.

Adjustable Gastric Band

There were two studies which compared robotic-assisted to laparoscopic gastric banding
approaches, which were quality rated using the standard CEbP tool. One study was assessed as
being of good quality and the other rated as poor quality.

KQ1: There is low strength of evidence that there is no significant difference in LOS,
weight loss at one year, and incidence of conversion to open procedure between
robotic-assisted surgery and laparoscopic gastric banding. There is mixed evidence that
operative time was longer in those undergoing robotic surgery, and so the strength of
evidence on this outcome is very low. Studies were retrospective and observational
only.

KQ2: There were no clinically significant differences between the two interventions,
based on a low overall strength of evidence for all safety and adverse event outcomes.
Studies were retrospective and observational only.

KQ3: In the sub-group of morbidly obese patients, there is low strength of evidence that
robotic versus laparoscopic gastric banding resulted in shorter operative times in
patients with BMIs of 50 kg/m? or greater. There were no significant differences
between groups for LOS, weight loss at one year, and incidence of conversion to open
procedure, based on low strength of evidence. Overall, no clinically significant
differences were apparent between the two interventions.

KQ4: The overall strength of evidence is very low that robotic-assisted surgery was more
expensive than the laparoscopic procedure. However, evidence was limited as the costs
included in the estimate were not described.

Robotic Assisted Surgery — Final Evidence Report — April 15, 2012 9
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Adnexectomy
One SR included a single study comparing robotic-assisted and laparoscopic adnexectomy
procedures. The authors of the SR did not report the quality assessment rating of this study.

e KQ1: There is low strength of evidence that robotic-assisted adnexectomy was
associated with longer surgical duration compared to laparoscopic adnexectomy. All
other measured outcomes were similar, based on low strength of evidence.

e KQ2: No evidence was identified that addressed this key question.
e KQ3: No evidence was identified that addressed this key question.
e KQ4: No evidence was identified that addressed this key question.

Adrenalectomy

There was one study which compared robotic-assisted to laparoscopic adrenalectomy
procedures, which were quality rated using the standard CEbP tool. This study was assessed as
being of poor quality.

e KQ1: The overall strength of evidence is very low that robotic-assisted adrebakectint
compared to tolaparoscopic adrenalectomy had no significant differences for operative
times, morbidity, pain, quality of sleep, and sleep duration.

e KQ2: No evidence was identified that addressed this key question.
e KQ3: No evidence was identified that addressed this key question.
e KQ4: No evidence was identified that addressed this key question.

Cholecystectomy

This SR included one RCT and three cohort studies comparing robotic and laparoscopic
cholecystectomy. The authors of the SR did not report the quality assessment ratings of these
studies. Two subsequent studies were identified that compared the same intervention groups,
which were quality rated using the standard CEbP tool. Both were rated as being of poor
quality.

e KQ1: The overall strength of evidence is low that robotic-assisted cholecystectomy was
associated with longer operative times but reduced LOS when compared to the
laparoscopic procedure. The quality ratings of the studies, which were observational in
design, varied. The choice of patient participation in the treatment arms was subject to
selection bias.

e KQ2: The overall strength of evidence is low that robotic cholecystectomy and
laparoscopic cholecystectomy had similar complication rates.

Robotic Assisted Surgery — Final Evidence Report — April 15, 2012 10
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e KQ3: Findings are mixed as to the differential efficacy of robotic-assisted surgery
depending on provider experience. As such, the overall strength of evidence on the
impact of surgeon experience is very low.

e KQ4: Low strength of evidence suggests that robotic surgery was associated with
increased costs when compared to laparoscopic surgery.

Colorectal Surgery (Colorectal Resection, Colectomy, Mesorectal Excision)

A SR included seven controlled, nonrandomized studies which compared robotic-assisted and
laparoscopic approaches for colorectal resection. The authors of the SR rated all seven studies
as good quality. Seven studies were subsequently identified which addressed this topic, which
were quality rated using the standard CEbP tool. All of these studies were rated as being poor
quality.

e KQ1l: There is moderate strength of evidence that robotic surgery was associated with
lower EBL, shorter LOS, similar time to bowel function recovery, and similar time to oral
diet when compared to laparoscopic procedures. The preponderance of evidence
suggests that robotic surgery was associated with longer operative times than open or
laparoscopic procedures, but the mixed findings reported result in an overall low
strength of evidence. There was significant heterogeneity across these studies in terms
of baseline differences between groups, and the indications for intervention.
Additionally, the observational design of most studies increases the risk of selection bias
in favor of the robotic group.

e KQ2: The overall strength of evidence is low that robotic surgery compared to
laparoscopic surgery did not significantly differ in complication rates.

e KQ3: There is low strength of evidence that surgeon experience influenced operative
time outcomes between laparoscopic and robotic surgery.

e KQ4: The overall strength of evidence is low that higher costs, both direct and indirect,
were associated with robotic compared to laparoscopic colon resection procedures. The
cost data in these studies is presented without supporting detail and conclusions drawn
from these figures are speculative.

Cystectomy

A SR included four studies which compared robotic-assisted and open (three studies) or
laparoscopic (one study) approaches for radical cystectomy. The authors of the SR did not
report the quality assessment ratings of these studies. Three subsequent studies were
identified, all of which compared robotic-assisted to open cystectomy for treatment of bladder
cancer and were quality rated using the standard CEbP tool. One study was rated as good
quality and two as fair quality.

e KQ1: The overall strength of evidence is moderate that robotic surgery compared to
open radical cystectomy was associated with decreased blood loss. There is moderate
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\" Washington State

’(“‘ Health Care Authority WA Health Technology Assessment - HTA

strength of evidence that robotic surgery compared to open radical cystectomy results
in increased operative times and decreased LOS. There is very low strength of evidence
to show that robotic compared to laparoscopic radical cystectomy is associated with
similar operative times, similar LOS, decreased blood loss, and lower transfusion rates.
The study designs were observational and mostly retrospective in nature which can
induce selection bias.

KQ2: There is moderate strength of evidence that there were not significant differences
in complication rates among types of cystectomy procedures.

KQ3: No evidence was identified that addressed this key question.

KQ4: This economic review presented a model which indicates that urinary diversion
choices can influence costs by changing the incidence of associated complications,
which are costly. This is contrary to the clinical effectiveness evidence which shows that
robotic surgery compares well with other techniques in terms of complications.
Therefore, the assumptions of this study are speculative as are their conclusions. The
overall strength of evidence for economic outcomes related to robotic versus open
cystectomy is low.

Esophagectomy

Eight studies (N=130) were identified in a SR of this procedure, all of which were non-
comparative case series studies. The details of the perioperative outcomes for robotic-assisted
esophagectomy are detailed in Appendix D. The authors of the SR did not report the quality
assessment ratings of these studies.

KQ1 to 4: There was insufficient evidence to address these key questions due to the lack
of comparative studies.

Fallopian Tube Reanastomosis
A SR identified two studies that compared robotic to open fallopian tube reanastomosis. The
authors of the SR did not report the quality assessment ratings of these studies.

KQ1: Low strength of evidence indicates that robotic and open fallopian tube
reanastomosis produced similar outcomes in terms of LOS, pregnancy rate, miscarriage
rate, ectopic pregnancy rate, intrauterine pregnancy rate, and EBL (Reza 2010). Low
strength of evidence suggests that surgical duration was longer with robotic surgery, but
women were able to return to work approximately two weeks sooner, on average (Reza
2010). Observational study designs and small sample size limited these findings.

KQ2: There is low strength of evidence that there were no significant differences in
complications arising from robotic and open fallopian tube reanastomosis.
Observational study designs and small sample size limited these findings.

KQ3: No evidence was identified that addressed this key question.

Robotic Assisted Surgery — Final Evidence Report — April 15, 2012 12



AV Washington Stat
’(“‘ H::lth %;t:; Autiority WA Health Technology Assessment - HTA

e KQ4: There is low strength of evidence that robotic surgery was associated with higher
costs than open surgery for tubal reanastomosis. These findings were largely limited by
the failure to report how these costs were calculated, but also by the limitations of the
underlying evidence presumably used to inform their calculations.

Fundoplication
A SR included four RCTs and five nonrandomized studies which compared robotic-assisted and

laparoscopic approaches for fundoplication for the treatment gastroesophageal reflux. The
authors of the SR did not report the quality assessment ratings of these studies.

e KQ1: There is moderate overall strength of evidence that LOS and operative time were
similar between robotic and laparoscopic fundoplication.

e KQ2: There is moderate overall strength of evidence that complications were similar
between robotic and laparoscopic fundoplication.

e KQ3: No evidence was identified that addressed this key question.

e KQ4: There is low strength of evidence suggesting that laparoscopic procedures had
decreased costs compared with robotic fundoplication.

Gastrectomy

There were two SRs which addressed this procedure for the treatment of gastric cancer. One SR
included two studies comparing robotic and laparoscopic gastrectomy; the authors did not
report the quality assessment ratings of these studies. Another SR (one study) compared
robotic and open approaches. This study was rated by the authors as D level (low quality) of
evidence. In addition, there were two subsequent studies identified comparing robotic and
laparoscopic gastrectomy, which were quality rated using the standard CEbP tool. Both studies
were rated as poor quality.

e KQ1: The overall strength of evidence for all reported comparators and outcomes is low.
Robotic gastrectomy may have some benefits over laparoscopic procedures (e.g., faster
time to bowel function recovery) and open procedures (lower EBL). However, surgery
time was consistently longer in robotic procedures compared to laparoscopic or open
gastrectomy across all of the identified evidence. Statistically non-significant or mixed
findings were reported for other outcomes, including EBL (robotic vs. laparoscopic), LOS,
lymph node yield and dissection time, time to diet resume normal diet, white blood cell
count, and C-reactive protein levels. These findings are limited by observational study
design, potential selection bias from having younger individuals in the robotic treatment
arms, and insufficient follow-up.

e KQ2: The strength of the evidence on complications arising from robotic, laparoscopic
and open gastrectomy is low. However, the evidence suggests that the incidence of
complications was similar between surgical modalities.

e KQ3: No evidence was identified that addressed key question.
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e KQ4: There is low strength of evidence that robotic gastrectomy was associated with
higher hospital costs than laparoscopic gastrectomy. These findings are substantially
limited in their generalizability, as the methods used to calculate these figures were not
described.

Heller Myotomy

One SR included three non-randomized studies which compared robotic and laparoscopic
approaches for Heller myotomy to treat esophageal achalsia. The authors of the SR did not
report the quality assessment ratings of these studies.

e KQ1: The strength of evidence is low for no significant difference in operative duration
between intervention groups.

e KQ2: The strength of evidence is low for reduced incidence of esophageal perforations
during robotic compared to laparoscopic procedures.

e KQ3: There is low overall strength of evidence that robotic and laparoscopic Heller
myotomy procedures have no statistically significant differences in terms of surgeon
learning curve.

e KQ4: No evidence was identified that addressed key question.

lleovesicostomy

A single, good quality, retrospective study (n=15) was identified which compared robotic and
open ileovesicostomy techniques for the treatment of adult, neurogenic bladder patients. This
study was rated using a standard CEbP tool.

e KQ1: There is limited evidence from a single small study to address this question and the
overall strength of evidence is very low for no significant differences in operative
outcomes.

e KQ2: There is limited evidence from a single small study to address this question
although no significant differences were found. The overall strength of evidence is very
low for all reported outcomes.

e KQ3: There is no evidence to address this key question.

e KQA4: Robotic and open ileovesicostomy had similar surgical outcomes in one
comparative cohort study. Total inpatient costs were significantly higher in the robotic
group, primarily due to the higher operating room supply costs. This single study was
limited by both small sample size and observational design and the overall strength of
evidence is very low on economic outcomes.

Liver Resection
A single retrospective cohort study (n=32) of poor quality compared robotic and laparoscopic
liver resection for removal of liver tumors. This study was rated using a standard CEbP tool.
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e KQ1: Very low strength of evidence suggests that there were no significant differences
between surgical modalities for liver resection. However, these findings are limited by
the poor quality of the only study that evaluated these outcomes.

e KQ2: The strength of the evidence on complications arising from robotic and
laparoscopic liver resection is very low. These findings are limited by the absence of
statistical comparisons between groups.

e KQ3: No evidence was identified that addressed this key question.
e KQ4: No evidence was identified that addressed this key question.

Lung Surgery

There were two comparative studies addressing robotic lung surgery, which were quality rated
using the standard CEbP tool. One poor quality study compared robotic thoracoscopic resection
to open sternotomy for the treatment of mediastinal tumors. Another study was a fair quality
retrospective cohort study that compared robotic lobectomy to open lobectomy for the
treatment of lung cancer.

e KQ1: The strength of evidence comparing robotic and open median sternotomy is low
for all reported outcomes. The robotic procedure may have had benefits over the open
procedure, including less post-operative pain and higher QoL scores (Balduyck 2010).
Additionally, the strength of evidence comparing robotic lobectomy to the open
procedure is low for all outcomes, but suggests that robotic lobectomy was associated
with shorter LOS, longer operating times, and lower lymph node yield than in the open
surgical group (Veronesi 2010).

e KQ2: The strength of the evidence on complications arising from robotic and open lung
surgery is low, but consistently reports that the incidence of complications was similar
between surgical modalities.

e KQ3: There is low strength of evidence suggesting that robotic lobectomy had
differential efficacy depending on the surgeon’s level of experience. These findings are
primarily limited by small sample size and observational study design.

e KQA4: There is mixed evidence on the costs of robotic lung surgery relative to open lung
surgery. Both of the identified studies possess significant limitations that prohibit
conclusions on this key question. The strength of evidence on economic outcomes is
low.

Myomectomy

A SR identified three studies comparing robotic to either laparoscopic or open myomectomy for
the treatment of leiomyomata. The authors of the SR did not report the quality assessment
ratings of these studies. One subsequent poor quality study comparing robotic to open
myomectomy was identified. The study was rated using a standard CEbP tool.
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e KQ1: Low strength of evidence indicates that robotic myomectomy was associated with
lower blood loss and shorter LOS, compared to both open and laparoscopic groups, but
longer duration of surgery when compared to the open approach. Operative times were
similar for robotic compared with laparoscopic approaches. Despite methodological
limitations of retrospective design and relatively small samples, these results were
consistent across studies.

e KQ2: The strength of the evidence regarding similar complications arising from robotic,
laparoscopic and open myomectomy is low. Although (2010) Ascher reports similar
rates of complications between groups, the study also cites lower febrile morbidity in
the robotic group. However, differences in post-operative monitoring may account for
this finding, as the robotic group self-reported fever.

e KQ3: No evidence was identified that addressed this key question.

e KQA4: There is low strength of evidence that robotic myomectomy was associated with
higher total hospital costs than both laparoscopic and open myomectomy. However,
these findings are limited by the clinical evidence that informed this economic analysis.
In particular, the underlying clinical outcomes were obtained by a retrospective study
that did not perform any follow-up of patients, which may greatly affect estimates of
costs associated with complications.

Oropharyngeal Surgery

Four retrospective cohort studies were identified which compared robotic, open, or
laparoscopic approaches to pancreatectomy. All were rated as poor quality. Studies were rated
using a standard CEbP tool.

e KQ1: The strength of evidence if very low that robotic oropharyngeal salvage surgery for
recurrent neoplasm was not significantly different for LOS and gastrostomy tube
dependence at six months compared to open surgery.

e KQ2: There is very low strength of evidence regarding complications of robotic
compared with open oropharyngeal surgery.

e KQ3: No evidence was identified that addressed this key question.
e KQ4: No evidence was identified that addressed this key question.

Pancreatectomy

Four retrospective cohort studies were identified which compared robotic, open, or
laparoscopic approaches to pancreatectomy. All were rated as poor quality. Studies were rated
using a standard CEbP tool.

e KQ1: There is low-strength of evidence that robotic pancreatectomy was associated
with longer operative times compared to laparoscopic and open surgical approaches.
The strength of evidence is very low that LOS and EBL were decreased for robotic versus
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open procedures. There is very low strength of evidence of mixed results for blood loss,
but similar LOS, compared to laparoscopic procedures.

e KQ2: There is low strength of evidence that robotic surgery resulted in mixed findings
for complications compared to open and laparascopic approaches.

e KQ3: No evidence was identified that addressed this key question.

e KQ4: There is an overall low strength of evidence that robotic, open and laparoscopic
pancreatectomy had similar costs after adjustment for amortized equipment costs.

Pyeloplasty

One SR was identified that included four studies comparing robotic to laparoscopic pyeloplasty
for the treatment of ureteropelvic junction obstruction. The authors of the SR did not report
the quality assessment ratings of these studies. One subsequent retrospective cohort study of
poor quality addressed the same interventions. The study was rated using a standard CEbP tool.

e KQ1l: There is a low strength of evidence that robotic pyeloplasty and laparoscopic
pyeloplasty achieve similar outcomes in terms of EBL, LOS, surgical success rate, post-
operative pain, and renal function. Mixed evidence suggests that laparoscopic surgery
may have yielded shorter operating times than robotic procedures. Although the
strength of the evidence is low, there is notable consistency across most findings.

e KQ2: The strength of the evidence on complications arising from robotic and
laparoscopic pyelplasty procedures is low, but consistently reports that the two surgical
approaches are similar in this regard.

e KQ3: No evidence was identified that addressed this key question.

e KQ4: There is low strength of evidence indicating that the cost of robotic pyeloplasty
was greater than laparoscopic pyeloplasty based on projected perioperative costs from
a single good quality study. These findings are limited by potential bias that may have
been introduced if the robotic procedures were the first ones performed by surgeons at
the institution.

Rectopexy

One SR identified a single study that compared robotic and laparoscopic rectopexy for the
treatment of rectal prolapse. The authors of the SR did not report the quality assessment
ratings of these studies. Two additional subsequent comparative studies were identified, which
were quality rated using the standard CEbP tool. One was a poor quality retrospective cohort
study that compared robotic to laparoscopic rectopexy. The other was a poor quality
retrospective cohort study that compared robotic to both laparoscopic and open rectopexy.

e KQ1: Low strength of evidence suggests that robotic rectopexy was associated with
longer operating times and higher odds of recurrence of rectal prolapse compared to
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open or laparoscopic procedures. These findings are limited by small sample sizes (de
Hoog 2009; Wong 2011) and different inclusion criteria between groups (de Hoog 2009).

e KQ2: Low strength of evidence consistently suggests that robotic, laparoscopic and open
rectopexy procedures were similar in terms of complication incidence.

e KQ3: There is no evidence to address this key question.

e KQ4: There is low strength of evidence indicating that robotic rectopexy was more
expensive than laparoscopic surgery. However, these findings are limited because the
details of this cost estimate and how it was formulated were not described.

Roux-en-Y Gastric Bypass

One good quality RCT and three non-randomized studies compared robotic versus laparoscopic
Roux-en-Y gastric bypass procedures for the treatment of morbid obesity. The authors of the SR
did not report the quality assessment ratings of these three studies. Two subsequent
retrospective studies were identified using the same comparative groups. Both were rated as
poor quality using a standard CEbP tool. One additional subsequent study of good quality, rated
using a standard CEbP tool, was identified which reported the same comparative interventions
in a sub-group of morbidly obese patients.

e KQ1l: There is moderate strength of evidence that robotic Roux-en-Y gastric bypass was
associated with higher odds of operative conversion than laparoscopic gastric bypass,
but is similar in terms of operative duration. There is low strength of evidence that
robotic Roux-en-Y gastric bypass was associated with shorter ICU and hospital stays than
open surgery. The conversions from robotic surgery were primarily to open approach
with a few converted to conventional laparoscopic approach. There were no
conversions from the laparoscopic primary procedures.

e KQ2: There is low strength of evidence that complications were similar between
laparoscopic and robotic procedures. The strength of evidence that complications were
similar between open and robotic Roux-en-Y is low.

e KQ3: There is low strength of evidence that robotic Roux-en-Y gastric bypass had shorter
operative time than laparoscopic Roux-en-Y, particularly as the degree of obesity
increases.

e KQ4: There is low strength of evidence that robotic procedures cost more than
laparoscopic gastric bypass.

Sacrocolpopexy

One SR identified a single prospective cohort study which compared robotic to open
sacrocolpopexy for the treatment of vaginal or uterine prolapsed. The authors of the SR did not
report the quality assessment ratings of this study. Three subsequent studies were identified
addressing the same comparative interventions. One RCT was rated fair, the other two small
retrospective studies as poor quality using a standard CEbP tool.
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KQ1: Low strength of evidence indicates that robotic and laparoscopic sacrocolpopexy
resulted in statistically similar activity limitation and time until return of normal activity
level. Findings on perioperative outcomes, such as operating time, LOS, and EBL, and
symptom relief, were mixed. Evidence comparing robotic sacrocolpopexy to open
surgery was mixed. Although the Geller study (2008) reported in the Reza review (2010)
reported shorter LOS, less blood loss, and longer surgical duration among the robotic
group, the Patel study (2009) found no significant differences between groups on these
outcomes. Given the small size of the Patel study (n=5 in each arm), it was likely
underpowered to detect such differences. The strength of evidence comparing robotic
sacrocolpopexy to open surgery is very low.

KQ2: The strength of the evidence on complications arising from robotic, laparoscopic
and open sacrocolpopexy is low. Compared to open surgery, robotic surgery was
reported as having increased incidence of postoperative fever. Additionally, several
studies have found that the incidence of complications was similar between robotic and
laparoscopic methods.

KQ3: No evidence was identified that addressed this key question.

KQ4: There is low strength of evidence that laparoscopic sacrocolpopexy was associated
with lower total healthcare system costs than robotic sacrocolpopexy. These findings
may be limited by potential bias in favor of the laparoscopic procedure if surgeons
performing robotic procedures had not yet attained complete proficiency. However,
this bias may be balanced by the fact that the highest quality analysis, performed in the
Paraiso study, did not account for purchase or maintenance of the da Vinci system in its
cost analysis. There is very low strength of evidence that robotic sacrocolpopexy has
higher total charges compared to open procedures.

Splenectomy

One small (n=12) retrospective cohort study was identified comparing robotic to laparoscopic
splenectomy for treatment of hematologic disorders. This study was rated as poor quality using
a standard CEDbP tool.

KQ1: There is very low strength of evidence that laparoscopic splenectomy was
associated with shorter operating time as compared to robotic splenectomy.
Additionally, there is low strength of evidence that LOS and EBL were similar between
surgical modalities.

KQ2: The strength of the evidence on complications arising from robotic and
laparoscopic splenectomy is very low due to retrospective study design and small
sample size. However, the evidence suggests that the incidence and severity of
complications was similar between the two approaches.

KQ3: No evidence was identified that addressed this key question.
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KQ4: There is very low strength of evidence that robotic splenectomy incurred higher
costs than laparoscopic splenectomy, though the analysis relied primarily on itemized
charges reported by a single institution’s billing department.

Thymectomy

The MEDLINE® search identified two studies comparing robotic and either thoracoscopic or
open thymectomy for treatment of myasthenia gravis. Both of these studies were retrospective
cohort studies that were rated as poor quality using a standard CEbP tool.

KQ1: The overall strength of evidence is low that robotic thymectomy was associated
with clinical improvement at follow-up and shorter LOS as compared to thoracoscopic or
open thymectomy. There is low strength of evidence for longer operative times for
robotic versus open procedures. There is low strength of evidence that EBL was similar
among all treatment groups.

KQ2: The strength of the evidence on complications arising from robotic, endoscopic
and open thymectomy is low. However, this limited evidence suggests that the
incidence and severity of complications may have been similar among all three surgical
approaches.

KQ3: No evidence was identified that addressed this key question.

KQ4: No evidence was identified that addressed this key question.

Thyroidectomy

The MEDLINE® search identified five studies which compared robotic to conventional
endoscopic or open approach to thyroidectomy for the treatment of thyroid cancer, goiter, or
hyperthyroidism. One of the studies was prospective and quality rated as poor. The other four
studies were retrospective and quality rated as fair (one study) of poor (three studies). All
studies were rated using a standard CEbP tool.

KQ1: There is low strength of evidence that robotic thyroidectomy and endoscopic or
open thyroidectomy were similar in terms of most outcomes. While there was a
qguantity of research for this procedure, most of the studies were poor and subject to
substantial biases. Operative times were longer for robotic procedures than open
procedures, though evidence comparing operative times in robotic thyroidectomy to
endoscopic thyroidectomy was mixed. However, in terms of patient-important
outcomes (ease of swallowing, cosmetic satisfaction), robotic surgery appeared to yield
more favorable outcomes. However, these outcomes were only assessed by one
moderate quality study (Lee 2011b) and future studies may further inform these
outcomes.

KQ2: The strength of the evidence on complications arising from robotic, endoscopic
and open thyroidectomy is low. However, consistent evidence suggests that the
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incidence and severity of complications were similar between all three surgical
approaches.

KQ3: The strength of the evidence is very low that robotic thyroidectomy was associated
with shorter learning curves than endoscopic thyroidectomy. Given that the same
surgeon was concurrently performing both procedures and the robotic group was more
likely to have benign lesions and less likely to have lymph node dissection, these findings
are substantially vulnerable to potential biases.

KQ4: The strength of evidence is very low that higher costs are associated with robotic
surgery compared to endoscopic thyroidectomy.

Trachelectomy
The MEDLINE® search identified one small retrospective cohort comparing robotic and open
trachelectomy. This study was rated as good quality using a standard CEbP tool.

KQ1: There is very low strength of evidence that robotic-assisted trachelectomy resulted
in shorter LOS and reduced EBL when compared to the open approach.

KQ2: There is very low strength of evidence that the postoperative morbidities (fever,
UTI, cervical stenosis, menstrual bleeding) of robotic and open trachelectomy were
similar. However, there was a significantly higher rate of conversion to hysterectomy in
the robotic group.

KQ3: No evidence was identified that addressed this key question.

KQ4: No evidence was identified that addressed this key question.

Vesico-vaginal Fistula

The MEDLINE® search identified one small retrospective cohort comparing robotic and
laparotomy vesico-vaginal fistula (VVF) repair. This study was rated as poor quality using a
standard CEbP tool.

KQ1: The strength of evidence for all comparators and outcomes is very low. Although
the strength of evidence on the comparative effectiveness of robotic VVF repair is very
low, robotic VVF repair was associated with short hospital stays and lower blood loss
compared to open VVF repair. No differences in operating time or surgical success rate
were reported. However, these findings are limited to a single study, itself limited by
retrospective design, small sample size, and reliance on surrogate outcomes. Patient-
important outcomes (e.g., time to return to normal activity) were not measured.

KQ2: The strength of the evidence on complications arising from robotic and open VVF
repair is very low, but suggests that the incidence and severity of complications was
similar between the two approaches.

KQ3: No evidence was identified that addressed this key question.
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e KQ4: No evidence was identified that addressed this key question.

Guidelines

Fourteen guidelines addressed the use of robotic assistance in nine procedures. All except four
recommendations are based primarily on whether the procedure is recommended for the
indication rather than the specific use of robotic technology. In other words, if the laparoscopic
procedure is recommended, then the robotic approach is also included.

Recommendations regarding the use of robotic assistance in prostatectomy varied according to
surgical indication. In the treatment of prostate cancer and benign prostatic hyperplasia, four
guidelines (NICE 2008b; Spanish NHS 2008, NCCN 2012a; AUA 2010) recommended robotic
surgery along with laparoscopic while one recommended against it (NICE 2006). Prostatectomy
for benign prostatic obstruction with or without robotic assistance is not recommended.

Two guidelines (EAU 2011; NICE 2009) recommend laparoscopic cystectomy for bladder cancer,
with or without robotic assistance. Six guidelines recommend the use of robotic techniques in
esophagogastrectomy (NCCN 2011), radical and partial nephrectomy (NCCN 2012b),
pyeloplasty (NICE 2009b), fundoplication (SAGES 2010), pelvic lymph node dissection (NCCN
2012), and a weak recommendation for myotomy (SAGES 2011). One guideline recommends
against robotic assisted coronary artery bypass grafting procedures (NICE 2008c).

Policy Considerations

At the direction of WA HTA, this review searched for Medicare, Aetna, Regence, and Group
Health policies addressing robotic assisted surgery. Two of these payers, Medicare and Regence
Blue Cross Blue Shield, have policies allowing the use of robotic assisted surgery, but not
providing additional reimbursement for this technique. Reimbursement is based on the primary
or underlying surgical procedure performed. Medicare has not issued local or national
coverage determinations outlining clinical criteria for use of robotic assisted surgery. Similarly,
none of the private payers searched have set forth clinical coverage criteria for robotic assisted
surgery.

Overall Summary

This report presents evidence about the application of robotic assisted surgery for over 25
different individual types of procedures. There was a lack of evidence to answer all key
qguestions for each procedure. However, in general there is low to moderate strength of
evidence that robotic assisted procedures are associated with outcomes such as shorter
hospital stays, reduced blood loss and transfusion for several procedures. Operative times using
robotic assistance are generally longer than for conventional surgeries. There is a general lack
of study of patient-centered outcomes such as quality of life and longer term outcomes such as
survival. Many studies are hampered by small sample sizes, retrospective nature of data
collection and analysis, dissimilarities of control groups, and inadequate control of potential
confounders.

Robotic Assisted Surgery — Final Evidence Report — April 15, 2012 22



V2 Washington Stat
’(“‘ H::lth %t:; Autiority WA Health Technology Assessment - HTA

Many studies reported no or few types of adverse events and harms regarding the use of
robotic assistance for these procedures and the overall strength of evidence for harms was
insufficient to low for most procedures. Where it was reported, robotic assisted surgery
generally had similar complication rates to laparoscopic procedures or to open procedures.

There were insufficient data to address the question of differential safety or efficacy of robotic
assisted procedures for subgroups of patients by gender, age, patient characteristics or
comorbidities, or type of payer for nearly all procedures. Where it was studied there were data
indicating that there is a “learning curve” for use of robotic equipment and that some
intermediate outcomes improved with increasing levels of experience.

Most of the included economic evaluations offered insufficient or low overall strength of
evidence to address economic questions. In nearly all cases, the costs of robotic procedures
were higher than comparable laparoscopic or open procedures. Cost-effectiveness studies are
hampered by lack of full information on all relevant outcomes and insufficient length of follow
up to determine long term benefits and safety.
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Background

Over the past 20 years, robotic surgical systems have been developed to assist surgeons with
performing minimally-invasive procedures. Designed to increase surgical precision and
minimize complications, these systems may afford better outcomes for patients than traditional
laparoscopic surgery or open surgery.

In the past, the two primary robotic surgical systems in development were the da Vinci system
(Intuitive Surgical, Inc., Sunnyvale, California, USA) and the ZEUS robot (formerly of Computer
Motion, Inc.). However, since the 2003 acquisition of Computer Motion by Intuitive Surgical,
the da Vinci system has been the only robotic surgical system on the market (Ho [CADTH]
2011). In 2000, the da Vinci robot was approved by the Food and Drug Administration (FDA) for
general laparoscopic surgery. Numerous other indications for the da Vinci system have since
been approved by the FDA, including urological procedures, gynecologic laparoscopic
procedures, general thoracoscopic procedures, and others.

Clinical and epidemiological overview

Radical prostatectomy, hysterectomy, nephrectomy, and cardiac valve repair are among the
most common applications of the da Vinci surgical system. While various cancer surgeries are
often the primary indications for these procedures, other indications are also common,
including benign neoplasms (e.g., uterine fibroids), as well as damaged or defective anatomical
features (e.g., valvular heart disease). Background information on these four most common
indications is presented in the paragraphs below.

Prostatectomy is typically performed to treat prostate cancer. In 2011, an estimated 240,890
men were diagnosed with prostate cancer in the United States. From 2004 to 2008, the age-
adjusted incidence of prostate cancer was estimated to be 156.0 per 100,000 men annually,
while an estimated 24.4 per 100,000 men with prostate cancer died each year (National Cancer
Institute [NCI] 2011a). For patients in good health, prostatectomy is often recommended as a
treatment option for men with prostate cancer. Each year, approximately 158,000
prostatectomy procedures are performed in the US (CDC 2009). Of these, three in four
prostatectomies are performed using the da Vinci robot (Intuitive Surgical, Inc. 2012).

Among reproductive-aged women in the US, hysterectomy is the second most frequent major
surgical procedure. The Centers for Disease Control (CDC) estimates that approximately
600,000 hysterectomies are performed each year (CDC 2009). Typical indications for
hysterectomy include uterine fibroids, endometriosis, uterine prolapse, chronic pelvic pain, and
reproductive system cancers (American College of Obstetrics and Gynecology [ACOG] 2011).
Although laparotomy is the most common route of hysterectomy, laparoscopic hysterectomy
has increased in popularity over the past 20 years (Jacoby 2009).

Kidney cancer is the most frequent indication for nephrectomy. The NCI reports that over the
past 65 years, the incidence of kidney cancer has steadily risen (NCI 2011b). In 2011, an
estimated 60,920 were diagnosed with cancer of the kidney and renal pelvis, while
approximately 4.0 per 100,000 die from these diseases each year (NCI 2011b). Nephrectomy is
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the most common treatment modality for kidney cancer, with an estimated 150,000 radical
nephrectomies and 39,000 partial nephrectomies performed across the US between 2003 and
2008 (Kim 2011).

Several types of cardiac surgery may be performed using the da Vinci robot. Repair of valvular
heart diseases (e.g., mitral valve prolapse, mitral regurgitation) make up a substantial
proportion of cardiac procedures currently performed robotically. However, other cardiac
procedures, such as coronary artery bypass grafting (CABG), are also being performed. The
combined burden of mitral regurgitation and mitral valve prolapse is significant, with each
occurring in approximately 2% of the population, and approximately 65,000 mitral valve repairs
or replacements being performed each year (Curtin 2010).

Technology overview

The da Vinci system is designed to improve upon traditional laparoscopic surgery by providing
three-dimensional visualization, improved ergonomics, and increased precision. Intuitive
Surgical defines the da Vinci surgical system by its four main components: the surgeon console,
the patient-side cart, the EndoWrist instruments, and the vision system. Surgeons use the
computer console during procedures to view the surgical field and control the robotic arms.
Three to four robotic arms, which are coupled to the patient-side cart, maneuver under the
surgeon’s direction. At the console, the surgeon uses EndoWrist surgical instruments that are
designed to mimic human wrists by allowing seven degrees of motion. The vision system
displays the surgeon’s field of view to the operating room team.

Cost information

Both the necessity of intensive surgeon and surgical team training and the financial costs
associated with these systems are significant considerations. The da Vinci system itself costs
$1.0M to $2.3M, depending on options, and disposable instrument costs per procedure range
from $1,300 to $2,200 in the United States. An annual service agreement totaling $100K to
S$170K per year is also required. Surgeons require initial device training from the manufacturer,
as well as clinical training and continuing education. Depending on the complexity of the
procedure and the surgeon’s skill level, the learning curve may be steep and length of the
clinical training period may be significant.

Policy context

The promises of minimally invasive surgery have captured the attention of patients,
practitioners, and healthcare administrators alike. Faster recovery times and fewer
complications would likely translate to shorter hospital stays, which may also help to minimize
cost. Whether robotic-assisted surgery provides better outcomes than other minimally invasive
techniques are important questions still under research. In 2007, the American Medical
Association determined that an additional CPT code for robotic-assisted procedures was not
necessary. As such, robotic-assisted procedures are reimbursable at the same rate as non-
robotic procedures. Nevertheless, demand for robotic-assisted surgery is rising. Intuitive
Surgical reported that 278,000 da Vinci procedures were performed in 2010, representing a
35% increase from 2009. An additional 30% increase in the number of procedures was expected
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for 2011. Prostatectomy procedures made up approximately one quarter of all robotic
procedures performed in 2010, while hysterectomy procedures made up more than one third.
As of the first quarter of 2012, 37 da Vinci Surgical Systems had been installed in the State of
Washington. According to the company, since its first da Vinci System shipment, Intuitive
Surgical has expanded its installed base to more than 1,500 academic and community hospital
sites across the United States, while sustaining growth in excess of 25% annually.

Washington State Agency Data

Robotic-assisted surgeries were identified in claims data using CPT S2900 or ICD9 Procedure
17.4x, which are for identification only and have no direct charge associated. Most procedures
were laparoscopic prostatectomies and hysterectomies, identified using ICD9 procedure code
17.42. Charges were captured for the duration of the hospital stay, or for the day of surgery for
outpatient procedures.

Note that payment strategies differ between agencies — while Labor and Industry pays 100% of
the allowed amount for each claim, Medicaid pays the full allowed amount, or a residual
amount when they are a secondary payer to Medicare. Public Employee Benefits (PEB) pays a
percentage of the allowed amount on each claim, which can be further reduced by the amount
paid by members as a deductible, or by other primary carriers or Medicare. Unless specifically
noted otherwise, the amounts in the tables that follow are the actual amounts paid by each
agency.

Figure 1. All Agencies, Robotic Assisted Surgery 2007-2010

. . Overall
Robotic Assisted 2008 2009 2010 Overall Average
Surgeries
Payment
PEB
Patients 1 28 142 217 388
Payments 515625 $253,421 $1,610,844 $3,235319 | $5,115,209 $13,184
Medicaid
Patients 0 16 78 133 227
Payments $0 $201,329 $1,398,773  $2,228,764 | $3,828,866 $14,875*
L&I
Patients 2 2
Payments $16,866 $16,866 $8,433
All Agencies
Patients 1 44 220 352 617
Payments $15,625 $454,750 $3,009,617 $5,480,949 | $8,960,941 $14,523

* Two outlier surgeries were excluded from the average calculation (each over $250K)
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Figure 2a. PEB Robotic Assisted Surgery Totals, 2007-2010 by Procedure Type

Totals 2007-2010 Averages Variability
Procedure Type —
payments) Payments Patients Procedure Pr.ocedure Paid Paid (Prime Std Dev
(Prime only) only)
Prostate $1,963,137 171 $11,480 $20,297 $82,030 $3,639 $11,270
Gynecological $1,718,408 136 $12,635 $16,130 $75,940 $4,272 $12,862
Urinary Tract $561,101 27 $20,782 $27,276 $83,901 $3,839 $19,324
Other $559,332 29 $19,287 $39,363 $92,396 $12,435 $22,056
Pelvic $222,435 19 $11,707 $13,377 $24,388 $8,168 $4,423
Combination $90,796 6 $15,133 $15,133 $19,293 $12,511 $2,928
All Procedures $5,115,209 388 $13,184 $21,761 $92,396 $3,639 $14,014
*Other procedures: Adrenal, cardiac, cholescystectomy, digestive, non-prostatic/gynecologic cancers, musculoskeletal, and unidentified
Figure 2b. Medicaid Robotic Assisted Surgery Totals, 2007-2010, by Procedure Type
Totals 2007-2010 Averages | Variability
Procedure Type
(ordered by total Per Per Procedure Maximum Minimum
Payments Patients Proced (Non Medicare . . Std Dev
payments) Paid Paid
ure Crossover)

Gynecological $1,512,792 144 $10,506 $13,102 | $189,788 $2,148 $21,738
Other* $1,007,370 22 $45,790 $27,595 | $112,068 $493 $69,153
Cardiac $684,642 16 $42,790 $45,566 $97,671 $1,150 $26,962
Gastro/Chole $336,479 9 $37,387 $37,387 | $112,776 $8,048 $39,115
Urinary Tract $225,861 21 $10,755 $13,785 $55,542 $2,066 $14,425
Prostate $61,723 15 $4,115 $10,944 $37,219 $104 $3,936

All Procedures $3,828,866 227 $16,867 $19,082 | $189,788 $104 $32,419

*Other procedures included two outliers for payment more than 3 standard deviations from the mean. These were excluded from average payment
calculations. Other procedures: Adrenal, thymus, pancreas, breast cancer, tonsillectomy, musculoskeletal and respiratory system.

Robotic Assisted Surgery — Final Evidence Report — April 15, 2012

27




"’ e VWashington State

(“ Health Care Authority

WA Health Technology Assessment - HTA

Figure 3a, 3b. PEB Robotic Assisted Surgery Trends, Payments and Patients, 2007-2010

PEB Robotic Assisted Surgery
by Category, Counts for 2007-

2010
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Figure 3c, 3d. Medicaid Robotic Assisted Surgery Trends, Payments and Patients, 2007-2010

Medicaid Robotic Assisted Medicaid Robotic Assisted
Surgery by Category, Counts Surgery by Category, Payments
for 2007-2010 for2007-2010
140 " $2,500
=
£
& $2,000 —
100
I he
<! 80 5 #1,500 -
Q E Deirin
=
p— 60 =
1) = $1,000 - —
=¥ S — \
40 — \
$500 — \
S N N
0 AN $0 _— k &
2007 2008 2007 2008 2009 2010
H Prostate Total 0 H Prostate Total $24,504 | $37,219
¢ Urinary Tract Total 0 * Urinary Tract Total $176,793 | $49,067
Gastro Total 2 5 Gastro Total $68,796 | $239,327 | $28,356
= Cardiac Total 1 10 5 = Cardiac Total $45,253 | $482,699 | $156,690
® Other Total 2 3 17 = Other Total $12,889 $89,464 | $905,017
% Gynecological Total 11 45 88 2 Gynecological Total $74,391 | $385,986 | $1,052,41

Other procedures: Adrenal, thymus, pancreas, breast cancer, tonsillectomy, musculoskeletal and respiratory system procedures
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Related Medical Codes

Code Description Type
Surgical techniques requiring use of robotic surgical system (list

$2900 . o . CPT
separately in addition to code for primary procedure)

17.41 Open robotic assisted procedure ICD9 Procedure

17.42 Laparoscopic robotic assisted procedure ICD9 Procedure

17.43 Percutaneous robotic assisted procedure ICD9 Procedure

17.44 Endoscopic robotic assisted procedure ICD9 Procedure

17.45 Thoracoscopic robotic assisted procedure ICD9 Procedure

17.49 Other and unspecified robotic assisted procedure ICD9 Procedure

PICO

Population: Adults with planned surgeries that could be performed with the help of a robotic-
assisted surgery device (e.g., prostatectomy, hysterectomy, nephrectomy, coronary bypass,
coronary valve replacement) under any diagnosis, including cancer.

Intervention: Surgery with the assistance of robotic control, any diagnosis.

Comparator: Surgeries of the same type, performed open or laparoscopic, without robotic
assistance.

Outcomes: Hospital length of stay, health care resource utilization, recovery of activities of
daily living, quality of life, overall mortality, disease specific mortality or survival, cancer
recurrence, adverse events (e.g. morbidity, mortality, reoperation, complication rates,
increased bleeding), healing time, cost, cost effectiveness.

Key Questions

KQ1: What is the evidence of the clinical efficacy and effectiveness of robotic assisted surgery
compared with open or laparoscopic approaches not using robotic assistance? Does robotic
assisted surgery improve patient outcomes? Include consideration of short and long-term
outcomes, and assessment of clinically meaningful outcomes.

KQ 2: For robotic assisted surgery, what is the evidence of the severity and incidence of safety
or adverse event concerns compared with open or laparoscopic approaches? Include
consideration of morbidity, mortality, reoperation, excess bleeding, and extended hospital stay.

KQ3: What is the evidence that robotic assisted surgery has differential efficacy or safety issues
in sub populations? Including consideration of:

a. Gender

b. Age

c. Psychological or psychosocial co-morbidities
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d. Other patient characteristics or evidence based patient selection criteria, especially
comorbidities of diabetes and high BMI

e. Provider type, experience, or other characteristics and setting (including facility/ team
experience)

f. Payer / beneficiary type including worker’s compensation, Medicaid, state employees

KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery compared with
open or laparoscopic approaches?

Methods

A systematic review using best evidence methodology for each procedure was used to search
and summarize evidence for key questions #1 through #3 as outlined below.

e Complete a search of the Medicaid Evidence-based Decisions Project primary evidence
sources;

e Existing good quality systematic reviews (SRs) and technology assessments (TAs) were
summarized by procedure for each key question;

e [f there were two or more comparable SRs or TAs identified and one was more recent,
of better quality, or more comprehensive, then the other review(s) were excluded;

e An additional search of the MEDLINE® database was completed to identify subsequently
published studies. Individual studies published after the search dates of the last good
quality review were appraised and synthesized with the results of the good quality
systematic reviews; and

e |f there were no good quality reviews identified for a procedure, a search, an appraisal,
and a summary of primary individual studies were completed for the last 10 years
(January 2002 to January 2012).

Evidence

Search strategy

For this WA HTA report, a search was conducted to identify published SRs and individual studies
(from January 2002 to February Week 1 2012) in MEDLINE®. The detailed search strategy is
provided in Appendix A. A list of excluded studies with reasons for exclusion is provided in
Appendix B. An additional search using the Medicaid Evidence-based Decisions (MED) Project
primary sources was completed to identify systematic reviews and technology assessments.
The primary sources searched included: Cochrane Library (Wiley Interscience), UK National
Institute for Health and Clinical Excellence (NICE), Blue Cross/Blue Shield Health Technology
Assessment (HTA) program, Veterans Administration TA program, BMJ Clinical Evidence, the
Canadian Agency for Drugs and Technologies in Health (CADTH), and the Agency for Health
Research and Quality (AHRQ).
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Inclusion Criteria
Articles were included if they were:

e Published, peer reviewed, and English-language articles;

e Systematic reviews, health technology assessments, meta-analyses, randomized
controlled trials (RCTs), controlled clinical trials or comparative observational studies;

e Published after 2002, regardless of the presence of good -quality reviews, if they
address sub-populations or cost; and

e Compared a robotic-assisted procedure to the same type of procedure performed
without robotic assistance, either by conventional laparoscopy or open laparotomy.

For key question #4, all relevant economic evaluations of robotic surgery published within the
past 10 years were included.

Exclusion Criteria
Articles were excluded if they:

e Were not comparative (e.g., case report, narrative review, editorial, etc.);

e Addressed only pediatric procedures, or if adult surgical outcomes were aggregated
with pediatric surgical outcomes;

e Were published prior to 2002, or prior to the end search date of the most relevant
review being used to summarize the procedure. A matrix outlining the reviews and
search dates for each procedure is provided in Appendix C;

e Compared obsolete robotic systems;

e Were robotic-assisted procedures that were not performed entirely by robotic surgery;
or

e Used robotic assistance not designed to improve upon procedures otherwise performed
by laparoscopy or laparotomy.

Quality Assessment - Evidence

The methodological quality of the included studies was assessed using standard instruments
developed and adapted by the Center for Evidence-based Policy (CEbP) and the MED Project
that are modifications of the systems in use by NICE and SIGN (NICE 2009; SIGN 2009). All
studies were assessed by two independent and experienced raters. In cases where there was
not agreement about the quality of the study or guideline the disagreement was resolved by
conference or the use of a third rater. The evaluation checklists for individual studies are
provided in Appendix G.

The overall strength of evidence was rated using a modified version of the Grading of
Recommendations Assessment, Development and Evaluation (GRADE) system (Guyatt 2008).
Each study was assigned a rating of good, fair, poor, based on its adherence to recommended
methods and potential for biases. In brief, good quality SRs included a clearly focused question,
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a literature search that was sufficiently rigorous to identify all relevant studies, criteria used to
select studies for inclusion (e.g., RCTs) and assess study quality, and assessments of
heterogeneity to determine if a meta-analysis would be appropriate. Good quality RCTs clearly
described the population, setting, intervention and comparison groups; randomly allocated
patients to study groups; concealed allocation; had low dropout rates; and reported intention-
to-treat analyses. Good quality SRs and RCTs also had low potential for bias from conflicts of
interest and funding source. Fair quality SRs and RCTs had incomplete information about
methods that might mask important limitations. Poor quality SRs and RCTs had clear flaws that
could introduce significant bias.

A summary judgment for the overall quality of evidence was assigned to each key question and
outcome (Guyatt 2008). The GRADE system defines the quality of a body of evidence for an
outcome in the following manner:

e High: Further research is very unlikely to change our confidence in the estimate of
effect. Typical sets of studies would be large RCTs without serious limitations.

e Moderate: Further research is likely to have an important impact on our confidence in
the estimate of effect and may change the estimate. Typical sets of studies would be
RCTs with some limitations or well-performed observational studies with additional
strengths that guard against potential bias and have large estimates of effects.

o Low: Further research is very likely to have an important impact on our confidence in
the estimate of effect and is likely to change the estimate. Typical sets of studies would
be RCTs with very serious limitations or observational studies without special strengths.

o Very low: Any estimate of effect is very uncertain. Typical sets of studies would be
observational studies with very serious limitations and outcomes where there is very
little evidence.

Quality Assessment — Economic studies

The methodological quality of the studies was assessed using a standard instrument developed
and adapted by the Center for Evidence-based Policy and the MED Project that are
modifications of the British Medical Journal (Drummond 1996), the Consensus on Health
Economic Criteria list (Evers 2005), and the NICE economic evaluation checklist (NICE 2009). In
brief, good quality economic evaluations include a well described research question with
economic importance and detailed methods to estimate the effectiveness and costs of the
intervention. A sensitivity analysis is provided for all important variables and the choice and
values of variables are justified. Good quality economic evaluations also have low potential for
bias from conflicts of interest and funding sources. Fair quality economic evaluations have
incomplete information about methods to estimate the effectiveness and costs of the
intervention. The sensitivity analysis may not consider one or more important variables, and
the choice and values of variables are not completely justified. All of these factors might mask
important study limitations. Poor quality economic evaluations have clear flaws that could
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introduce significant bias. These could include significant conflict of interest, lack of sensitivity
analysis, or lack of justification for choice of values and variables. All studies were assessed by
two independent and experienced raters. In cases where there was not agreement about the
quality of the study the disagreement was resolved by conference or the use of a third rater.
The economic evaluation checklist is provided in Appendix G.

Guidelines

Search Strategy

A search for relevant clinical practice guidelines (CPGs) was conducted, using the following
sources: the National Guidelines Clearinghouse database, the Institute for Clinical Systems
Improvement (ICSl), the Scottish Intercollegiate Guidelines Network (SIGN), the National
Institute for Health and Clinical Excellence (NICE), the Veterans Administration/Department of
Defense (VA/DOD) guidelines, US Preventive Services Task Force (USPSTF), Australian National
Health and Medical Research Council, New Zealand Guidelines Group, and the Center for
Disease Control and Prevention (CDC). Guidelines from specialty organizations were also
searched including the following: Society of American Gastrointestinal and Endoscopic
Surgeons (SAGES), Society of Gynecologic Oncology, American Urological Association (AUA),
American Academy of Orthopedic Surgeons, American Academy of Otolaryngology, American
Association of Neurological Surgeons, American College of Obstetricians and Gynecologists,
American Society of Colon and Rectal Surgeons, Society of Thoracic Surgeons, American Society
of Nephrology, American College of Cardiology, American College of Surgeons, American
Association of Endocrine Surgeons, American Association for the Study of Liver Diseases,
American Gastroenterological Association. Included guidelines were limited to those published
after 2006.

Quality Assessment

The methodological quality of the guidelines was assessed using an instrument (Appendix G)
adapted from the Appraisal of Guidelines Research and Evaluation (AGREE) Collaboration
(AGREE Next Steps Consortium 2009). The guidelines were rated by two individuals. A third
rater was used to obtain consensus if there were disagreements. Each guideline was assigned a
rating of good, fair, poor, based on its adherence to recommended methods and potential for
biases. A guideline rated as good quality fulfilled all or most of the criteria. A fair quality
guideline fulfilled some of the criteria and those criteria not fulfilled were thought unlikely to
alter the recommendations. If no or few of the criteria were met, the guideline was rated as
poor quality.

Policies

At the direction of the WA HTA program, select payer policies were searched and summarized.
Aetna, Regence Blue Cross Blue Shield, Group Health, and Medicare National and Local
Coverage Determinations were searched using the payers’ websites.
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Findings

For the key questions, the core sources search found 107 SRs and TAs, of which 5 met inclusion
criteria. The MEDLINE® search retrieved 537 citations, of which 54 articles were included. An
additional 223 studies were submitted during the public comment period for this report. Of
these, 20 were found eligible for inclusion (19 cohort studies and one economic analysis). A
detailed list of excluded studies and their reasons for exclusion is found in Appendix B. All
included studies are detailed in the evidence tables included in Appendix D.

A best evidence review was undertaken for all procedures. The good quality, Ho [CADTH] 2011
Technology Assessment, was used as the primary evidence base for hysterectomy,
prostatectomy, nephrectomy, and all cardiac surgeries. This TA provided pooled meta-analysis
as well as subanalyses by study design and study quality. No RCT’s were identified for the
specified populations in this technology assessment; all studies were non-randomized
prospective or retrospective comparisons. Updated studies of these procedures, identified from
the MEDLINE® search that were published after August 2011, were included in this report.

Prostatectomy

There were 55 prostatectomy studies identified comparing robotic surgery with either open or
laparoscopic surgery, which addressed the clinical key questions. There were 51 studies
identified in the systematic review selected as the sole source of evidence for this procedure Ho
[CADTH] (2011) TA. Study quality was assessed as being high in one study, good in six studies,
fair to good in 35 studies, poor to fair in eight studies, and poor in one study.2 An additional
four studies were identified updating this TA which were quality rated using the standard CEbP
tool. One study was quality rated as good, one as fair, and two as poor.

KQ1l: What is the evidence of the clinical efficacy and effectiveness of robotic
assisted surgery compared with open or laparoscopic approaches not
using robotic assistance? Does robotic assisted surgery improve patient
outcomes?

Ho [CADTH] (2011) TA Results

Patients’ baseline characteristics across studies were not summarized with the exception of
tumor grade. Most of the prostatectomy studies included men with prostate cancer localized to
the prostate gland (pathological category pT1 and pT2). Patients who have extension of their
cancer beyond the prostate gland are categorized either as pT3 (extraprostatic extension), or as
pT4 (extraprostatic extension with invasion to the rectum and surrounding structures).

? CADTH describes their quality assessment tool as a modified version of Hailey et al.’s. Studies are rated on a scale
of A to E, where A indicates high quality with a high degree of confidence in study findings; B indicates good quality
with some uncertainty about the study findings; C indicates fair to good quality with some limitations that should
be considered in any implementation of the study findings; D indicates poor to fair quality with substantial
limitations in the study findings; which should be used cautiously; and E indicates poor quality with unacceptable
uncertainty in the study findings.
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Common study outcomes particular to this procedure included sexual function (defined as the
ability to maintain an erection sufficient for intercourse with or without the use of oral
phosphodiestepochse-5 inhibitors) and continence (defined in most studies as no urine leaks or
leaks less than once per week).

Many of the meta-analyses performed were associated with high (>50%) I* and chi’ values,
indicating statistically significant heterogeneity among studies. Relevant potential sources of
heterogeneity were investigated for correlation with study outcomes. Subgroup and sensitivity
analyses based on study design and study quality were explored to identify systematic
variations. Tables 1 and 2 present the findings of these analyses.

Robotic-assisted radical prostatectomy (RARP) compared with open radical prostatectomy

(ORP):
The meta-analysis results of the studies pertinent to this comparison favored RARP and are
summarized below (WMD= weighted mean difference):

e Shorter length of hospital stay (WMD -1.54 days, 95% Cl -2.13 to -0.94);

e Reduction in positive margin rate in pT2 patients (RR 0.6, 95% Cl 0.44 to 0.83). The
results of this comparison in pT3 patients and in two trials that did not report pT2 and
pT3 subclasses, was inconclusive;

e Reduction in the extent of blood loss (WMD -470.26 mL, 95% Cl -587.98 to -352.53);
e Reduced risk of red blood cell transfusion (RR 0.20, 95% Cl 0.14 to 0.30);

e Urinary continence after 12 months (RR 1.06, 95% Cl 1.02 to 1.10); and

e Likelihood of sexual function after 12 months (RR 1.55, 95% Cl 1.20 to 1.99).

However, the meta-analysis also found that RARP was associated with longer operative
duration than ORP (WMD 37.74 min, 95% Cl 17.13 to 58.34).

Results of the analysis based on study design and study quality found:

e Three out of five meta-analyses (pooled meta-analysis, prospective studies, moderate to
low quality studies) showed a significant increase in operative time for the robotic
group. However, they all reported significant heterogeneity between studies.

o All five meta-analyses showed a consistent significant reduction in hospital stay favoring
the robotic surgery group. However, they all reported significant heterogeneity between
studies.

e Inconsistent results were reported for incidence of complications. The report meta-
analysis, retrospective studies, and the high or good quality studies did not show a
significant difference.
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e All five meta-analyses showed a significant reduction for blood loss and incidence of
transfusion in favor of the robotic surgery group. However, most of them reported
significant heterogeneity between studies.

Hospital stay, positive margin rate, incidence of transfusion and blood loss outcomes did not
change between the pooled meta-analysis results and the high or good quality and moderate or
low quality studies.

Table 4. RARP Compared with ORP?

Outcome

Pooled MA
(Report Text

Results)

Retrospective
Studies

Prospective
Studies

High to Good
Quality Studies

Moderate to
Low Quality
Studies

Operative WMD 37.74* WMD 20.09%, NS | WMD 61.38* WMD -8.90, NS | WMD 40.37*
Time (minutes) | [17.13, 58.34] [-16.27, 56.45] [33.66, 89.10] [-27.33,9.53] [19.20, 61.54]

19 studies 10 studies 6 studies 1 study 18 studies
Hospital Stay WMD -1.54* WMD -1.22* WMD -1.78* WMD -3.32* WMD -1.24*
(days) [-2.13, -0.94] [-1.80, -0.63] [-3.23, -0.34] [-4.44, -2.21] [-1.66, -0.83]

19 studies 10 studies 7 studies 2 studies 17 studies
Positive RR 1.04*, NS RR 0.97*, NS RR 1.15*, NS RR 1.04*, NS RR 1.03*, NS
margin rate [0.80, 1.34] [0.68, 1.39] [0.77,1.70] [0.64, 1.70] [0.75,1.41]
(all) 20 studies 13 studies 7 studies 6 studies 14 studies
Blood Loss WMD -470.26* WMD -452.26* WMD -443.99* WMD -406.58*, | WMD -480.30*
(mL) [-587.98, - [-577.54, - [-573.04, -314.93] NS [-601.74, -

352.53] 326.98] 8 studies [-630.54, 358.86]

21 studies 10 studies 182.62] 18 studies

3 studies

Incidence of RR 0.20* RR0.17 RR0.18* RR 0.36 RR0.17*
transfusion [0.14, 0.30] [0.09, 0.35] [0.09, 0.36] [0.20, 0.66] [0.11,0.27]

18 studies 7 studies 9 studies 3 studies 15 studies
Urinary RR 1.06 RR 1.01, NS RR1.11 RR 1.07*, NS RR 1.05, NS
incontinence [1.02,1.10] [0.96, 1.08] [1.05,1.18] [0.98,1.17] [1.00,1.11]
(12 months) 8 studies 2 studies 3 studies 3 studies 5 studies
Sexual RR 1.55% RR 1.75*%, NS RR 1.84 RR 1.48*, NS RR 1.56
competence [1.20, 1.99] [0.43, 7.08] [1.49, 2.28] [0.98, 2.23] [1.28,1.89]

7 studies 1 study 3 studies 3 studies 4 studies
Incidence of RR 0.73*, NS RR 0.63, NS RR0.61* RR 0.93, NS RR 0.66*
complications [0.54, 1.00] [0.35, 1.14] [0.45, 0.83] [0.52, 1.65] [0.48,0.92]

15 studies 6 studies 7 studies 4 studies 11 studies

Robotic-assisted radical prostatectomy (RARP) compared with laparoscopic radical

prostatectomy (LPR):

The meta-analysis results of the studies pertinent to this comparison favored RARP or were
inconclusive and are summarized below:

3 Key for all pooled meta-analysis and subanalysis tables: R= not reported, NA= not applicable, NS= not stastically
significant, RR= risk ratio, WMD= weighted mean difference, [95% Cl]
For WMD, a difference <0 favors robotic, *significant heterogeneity
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e Shorter operative duration (WMD -22.79 minutes, 95% Cl -44.36 to -1.22);

e Shorter length of hospital stay (WMD -0.80 days, 95% Cl -1.33 to -0.27);

e Positive margin rate comparisons were inconclusive for pT2 and pT3;

e Reduction in the extent of blood loss (WMD -89.52 mL, 95% Cl -157.54 to -21.49);
e Reduced risk of red blood cell transfusion (RR 0.54, 95% Cl 0.31 to 0.94); and

e Urinary continence after 12 months, pooled estimates trended in favor of RARP (RR
1.08, 95% Cl 0.99 to 1.18, NS).

Results of the analysis based on study design and study quality found:

e Three meta-analyses (MA in the text, retrospective studies, and high to good quality
studies) showed a significant reduction in operative time for the robotic surgery group.
Two of those meta-analyses reported significant heterogeneity between studies.

e Three meta-analyses (MA in the text, retrospective studies, and high to good quality
studies) showed a consistent significant reduction for hospital stay favoring the robotic

surgery group. Two of those meta-analyses reported significant heterogeneity between
studies.

e Five meta-analyses did not show a significant difference for incidence of complications.
Three of those meta-analyses reported significant heterogeneity between studies.

e Four out of five meta-analyses (retrospective studies, prospective studies, and high to
good quality studies, moderate to low quality) did not show a significant difference for
blood loss, and three meta-analyses (retrospective studies, prospective studies, and
high to good quality studies, high to good quality) did not show a significant difference
for incidence of transfusion.

The operative time, length of hospital stay, positive margin rates, 12 month urinary
incontinence, and incidence of complications did not change between the pooled meta-analysis
results and the high or good quality studies. The pooled meta-analyses reported significantly
decreased incidence of transfusion and estimated blood loss, but both of these findings were

not statistically significant in the meta-analyses that included only high and good quality
studies.
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Table 5. RARP Compared with LRP

Outcome

Pooled MA

(Report Text

Retrospective
Studies

Prospective
Studies

WA Health Technology Assessment - HTA

High to Good
Quality

Moderate to Low
Quality

Results)

Operative Time | WMD -22.79* WMD -34.12%* WMD -5.87, NS | WMD -45.47 WMD -15.84%*, NS
(minutes) [-44.36, -1.22] [-67.95, -0.29] [-39.21, 27.47] [-69.97, -20.97] [-40.89, 9.21]

9 studies 6 studies 2 studies 2 studies 7 studies
Hospital Stay WMD -0.80* WMD -0.89* WMD -0.20, NS | WMD -1.50 WMD -0.47%*, NS
(days) [-1.33,-0.27] [-1.53, -0.25] [-0.79, 0.39] [-1.92, -1.07] [-1.11,0.17]

7 studies 5 studies 1 study 2 studies 5 studies
Positive margin | RR 0.89, NS RR 0.89, NS NA RR 0.97, NS RR 0.76, NS
rate (all) [0.66, 1.19] [0.66, 1.19] [0.60, 1.55] [0.47, 1.23]

10 studies 10 studies 4 studies 6 studies
Incidence of RR 0.85*, NS RR 1.06*, NS RR 0.54, NS RR 0.88, NS RR 0.81*, NS
complications [0.50, 1.44] [0.55, 2.06] [0.20, 1.45] [0.45, 1.72] [0.40, 1.67]

9 studies 6 studies 2 studies 2 studies 7 studies
Blood Loss WMD -89.52, * WMD -38.97%, WMD -276.12%, | WMD -153.35*, | WMD -74.95%*, NS
(mL) [-157.54,-21.49] | NS NS NS [-158.05, 8.15]

10 studies [-105.80, 27.87] [-555.40, 3.16] [-314.94, 8.24] 8 studies

7 studies 2 studies 2 studies

Incidence of RR 0.54 RR 0.54, NS RR 0.50, NS RR 0.96, NS RR 0.47
transfusion [0.31, 0.94] [0.29, 1.01] [0.13, 1.96] [0.27, 3.43] [0.25, 0.87]

7 studies 4 studies 2 studies 1 study 6 studies
Urinary RR 1.08, NS RR 1.08, NS NA RR 1.04, NS RR 1.15, NS
incontinence [0.99, 1.18] [0.99, 1.18] [0.95, 1.15] [1.00, 1.32]
(12 months) 2 studies 2 studies 1 study 1 study
Sexual NR NR NR NR NR

competence

Subsequently Published Study Results
Four additional studies were identified which addressed this key question (Kim 2011a;
Kasraeian 2011; Masterson 2011; Tollefson 2011).

An observational, prospective study (Kim 2011a) compared robotic to open radical
prostatectomy. The Kim study was rated of poor quality due to significant differences between
groups (i.e., age, neoadjuvant hormone therapy use, nerve-sparing surgery frequency, pre-op
PSA levels) favoring the RARP group. Patients in both groups had similar time to return of
urinary continence (3.7 months robotic vs. 4.3 months open, p=0.161). Additionally, the study
reports that men in the robotic group had faster time to potency recovery, as defined by the
patient’s report of ability to have an erection sufficient for intercourse (9.8 months robotic vs.
24.7 months open, p<0.001). Overall, patients in both groups had similar positive surgical
margin rates (27.1% robotic vs. 24.7% open, p=0.487).

An additional retrospective study (Kasraeian 2011), quality rated as good, compared robotic to
laparoscopic radical prostatectomy (N=400). The intervention groups at baseline were very
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similar statistically, including tumor stage, except for a slightly lower PSA in the robotic group
(6.4 vs. 6.8; p<0.001). Operative outcomes reported included:

e Operative time (median) (120 vs. 150 mins; p<0.001);
e EBL (median) (350 vs. 400 mL; p= 0.069); and
e LOS (median) (4 vs. 4 days; p= 0.056).

This study was designed to compare positive surgical margins (PSM) between interventions
(13.5% vs. 12%; NS). However, the PSMs were in different locations, posterolateral after robotic
surgery (48%; p=0.046) versus at the apex after laparoscopic surgery (53.8%; p=0.038). Median
PSM size was smaller in the robotic group (2 mm vs. 3.5 mm; p=0.041).

Another retrospective study (Masterson 2011) quality rated as fair (N=1041) compared robotic
to open radical prostatectomy. This study reported no statistically significant differences in PSM
location, or biochemical recurrence-free survival at 24 or 60 month follow-ups between groups.
The PSM mean length was shorter for the robotic group (3.0 vs. 5.6 mm; p=0.04). The Tollefson
(2011) study compared the incidence of surgical site infections between the two intervention
groups (0.6% vs. 4.6%; p<0.001). However, rates of other infectious complications (UTI,
sepsis/bacteremia did not differ by surgical approach, NS). The baseline characteristics of
patients in this study strongly favored the robotic surgery group.

Overall Summary and Limitations of the Evidence
There is moderate strength of evidence to suggest that robotic-assisted radical prostatectomy
(RARP), compared to open or laparoscopic approaches, is associated with:

e Shorter hospital stays; and

e Reduced blood loss and transfusion rates.

There is moderate strength of evidence to suggest that robotic-assisted radical prostatectomy
(RARP), compared with an open approach, is associated with:

e Increased operative times;

e Reduced positive surgical margin rates (in pT2 patients);

e Increased urinary continence at 12 months; and

e Greater likelihood of sexual function after 12 montbhs.
There is moderate strength of evidence to suggest that robotic-assisted radical prostatectomy
(RARP), compared with a laparoscopic approach, had reduced operative times and no
difference in positive surgical margin rates in pT2 and pT3 patients. There is low strength of

evidence that those undergoing robotic prostatectomy and the open procedure had similar
biochemical recurrence-free survival.

The quality ratings of the studies, which were observational in design, varied. The choice of
patient participation in the treatment arms was subject to selection bias. Those in the robotic
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intervention arm frequently were younger, had less advanced tumors, and lower PSA baseline
scores. In addition, for many of the meta-analyses, there was significant heterogeneity between
studies.

KQ2: For robotic assisted surgery, what is the evidence of the severity and
incidence of safety or adverse event concerns compared with open or
laparoscopic approaches?

Ho [CADTH] (2011) TA Results

Robotic-assisted radical prostatectomy (RARP) compared with open radical prostatectomy
ORP):

The meta-analysis results of the studies pertinent to this comparison favored RARP and are
summarized below:

e Lower complication rates (RR 0.73, 95% Cl 0.54 to 1.00, NS); and

e Most of the reported complications consisted of urinary leakage, clot retention,
bleeding, ileus, wound infection, deep vein thrombosis, pulmonary embolus, urinary
tract infection, post-catheter retention, and epididymitis.

Robotic-assisted radical prostatectomy (RARP) compared with laparoscopic radical
prostatectomy (LPR):
The meta-analysis results of the studies pertinent to this comparison are summarized below:

e Complication rates in this comparison were found to be similar (RR 0.85, 95% CI 0.50 to
1.44); and

e The most commonly reported complications were urinary leakage, clot retention,
bleeding, ileus, wound infection, deep vein thrombosis, pulmonary embolus, urinary
tract infection, post-catheter retention, and epididymitis.

Subsequently Published Study Results

A single study (Tollefson 2011) compared the incidence of surgical site infections (SSI) between
robotic and open radical prostatectomy groups. This study was quality rated as poor with the
baseline characteristics of patients in this study strongly favoring the robotic surgery group.
The SSI rates within the initial 30 days post-operatively were increased in the open surgery
group (0.6% vs. 4.6%; p<0.001). However, rates of other infectious complications (UTI,
sepsis/bacteremia) did not differ by surgical approach (NS).

Overall Summary and Limitations of the Evidence

The rate of complications among those undergoing robotic prostatectomy was statistically
similar to those undergoing open or laparoscopic prostatectomy. However, the decreased rate
of complications in the robotic group trended towards significance when compared to the open
group. Similar types of prostatectomy complications were reported in all groups. The quality
ratings of the studies, which were observational in design, varied. The choice of patient
participation in the treatment arms was subject to selection bias. Those in the robotic

Robotic Assisted Surgery — Final Evidence Report — April 15, 2012 41



AV Washington Stat
’(“‘ H::lth %;t:; Autiority WA Health Technology Assessment - HTA

intervention arm frequently were younger, had less advanced tumors, and lower PSA baseline
scores.

There is moderate strength of evidence to suggest that RARP complication rates are statistically
similar to those of open radical prostatectomy (ORP) and laparoscopic radical prostatectomy
(LRP) procedures.

KQ3: What is the evidence that robotic assisted surgery has differential efficacy
or safety issues in sub populations?

Ho [CADTH] (2011) TA Results

Most sub-populations above were not reported in Ho [CADTH] (2011). There were 29 studies
which reported information regarding the surgeons’ expertise. Of these, 11 noted the surgeons
were experienced with robotic surgery prior to the study or had chronologically excluded the
learning-curve cases (i.e., excluded the first half of a series of cases) from the analysis.
Definitions of “experienced surgeons” varied between studies and ranged from 20 to more than
1,000 robotic-assisted surgeries.

Robotic-assisted radical prostatectomy (RARP) compared with open radical prostatectomy
(ORP): effect of the learning curve

Similar to the meta-analyses described in KQ #1, meta-analyses were reported in the Ho
(CADTH 2011) TA that compared robotic prostatectomy performed only by experienced
surgeons to open prostatectomy. The degree of surgeon experience among those performing
open procedures was not defined. Definitions of “experienced surgeons” varied between
studies and ranged from 20 to more than 1,000 robotic-assisted surgeries. Overall, robotic
procedures performed by experienced surgeons were associated with shorter length of stay
(WMD -2.04 days, 95% Cl -3.18 to -0.89), decreased risk of perioperative complications (RR
0.54, 95% Cl: 0.32 to 0.91), decreased risk of positive margins among patients with less
advanced tumors (RR 0.58, 95% Cl: 0.39 to 0.84), and decreased blood loss (WMD -225.56 mL,
95% Cl: -435.46 to -15.67) when compared to open prostatectomy. More advanced tumors
(pT3) had similar risk of positive surgical margins between the open and robotic groups even
after the learning curve (RR 1.29, 95% Cl: 0.83 to 2.02).

In the larger meta-analysis performed in KQ #1, the robotic procedure was associated with
longer operative times than the open procedure (WMD 37.74 min, 95% Cl 17.13 to 58.34).
However, in the sub-group meta-analysis that compared only robotic procedures performed by
experienced surgeons to open procedures, there was no significant difference in operative time
between groups (WMD 18.00 min, 95% Cl: -13.26 to 49.26).

In a comparison of the meta-analyses that included all surgeons to the subgroup meta-analyses
that included only experienced surgeons, Ho (CADTH 2011) reported that the experienced
robotic surgeons had shorter operative times and length of stay, as well as lower rates of post-
operative complication, and positive surgical margins. However, in terms of estimated blood
loss, robotic procedures performed by experienced surgeons had more blood loss than those
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performed by inexperienced surgeons, but both groups had less blood loss than open
procedures. The magnitude of benefit over the open procedure was actually 470mL less blood
loss (95% Cl: -587.98 to -352.53) among inexperienced surgeons, but only 225 mL less blood
loss (95% Cl: -435.46 to -15.67) among experienced surgeons.

Subsequently Published Study Results

The Kim (2011a) study briefly reported clinical outcomes among a subgroup of patients who
underwent surgery after surgeons were believed to have gained proficiency with the robotic
technique (after the first 132 cases). Among the subgroup of patients undergoing surgery by a
proficient surgeon, the median time to continence return was 1.6 months in the robotic group,
compared to 4.3 months in the open group (statistical significance not reported). When the
authors controlled for confounders such as age, PSA, nerve-sparing surgery, etc., the operative
method was not a significant predictor of continence recovery.

Overall Summary and Limitations of the Evidence

There is moderate strength of evidence that surgeons experienced in RARP were noted to have
improvements in most clinical outcomes (except EBL), when compared to less experienced
surgeons:

e Subpopulations in KQ #3, with the exception of surgeon experience, were not reported.

e Surgeons experienced in RARP were noted to have improvements in most clinical
outcomes, with the exception of EBL, when compared to less experienced surgeons.
These results were studied by analyzing the results of robotic-assisted versus open
prostatectomy, and stratifying the robotic group of surgeons by experience.

e Asignificant limitation of this evidence was the lack of a standardized definition of
“experienced surgeon” across the studies.

e The quality ratings of the studies, which were observational in design, varied. The choice
of patient participation in the treatment arms was subject to selection bias. Those in the
robotic intervention arm frequently were younger, had less advanced tumors, and had
lower PSA baseline scores.

KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery
compared with open or laparoscopic approaches?

Ho [CADTH] (2011) TA Results

Sixteen individual studies on prostatectomy provided information pertinent to this question;
most originated in the United States and were analyzed from the hospital perspective. The
majority of these studies did not describe baseline comparative group characteristics (e.g.,
robotic, open, and laparoscopic). Economic outcomes were reviewed and mean or median total
costs of care commonly reported. Among studies, these included: capital equipment (robot)
and maintenance contracts, robotic disposables, operating room and supplies, anesthesia,
medication, ICU and ward, procedure, outpatient, nursing, medical staff, transfusion, and
productivity costs.
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Ho [CADTH] (2011) selected the prostatectomy procedure as appropriate for economic
evaluation, although the clinical evidence on RARP did not suggest the greatest relative impact
on patient outcome. It was, however, the most frequently performed robotic surgical
procedure in Canada (62% of all robotic procedures in 2010).

The meta-analyses did not show meaningful differences between RARP and ORP, or RARP and
LRP in mortality, general health-related quality of life, or return to normal activities. Differences
were seen in urinary function and sexual function at 12 months, both aspects of disease-specific
quality of life (QoL). The difference in complication rates between RARP and ORP was
statistically significant, only when procedures conducted after the learning curve were
considered.

Various instruments, such as Health Surveys (SF-12, SF-36), the Patient-Oriented Prostate Utility
Scale (PORPUS), and others, were used to measure utility and QoL in the comparison of RARP
and ORP. Overall, the results of comparing these treatment groups were inconclusive and
methodologically questionable considering the many potential confounding factors between
groups (e.g., differences in baseline pathology and erectile dysfunction, age, use of medications
and aids to erectile dysfunction).

Since clinical relevance regarding survival, general QoL, morbidity, and potential disease
recurrence could not be shown between groups, a cost-minimization analysis was conducted.
For robotic prostatectomy, an economic evaluation is presented as total and incremental costs,
per-patient. For RARP compared with ORP, and RARP compared with LRP the following major
assumptions were used:

e Males age 61, with prostate cancer; and prostatectomy as recommended therapy;
e Comparators RARP versus ORP and LRP;

e Perspective: publicly funded health care system;

e (linical effectiveness equivalent between comparators (i.e., cost-minimization);

e Time horizon for patient outcomes = length of hospitalization;

e Robot equipment useful life = 7 years;

e Exchange rate USS1 was CANS$S1.016;

e Sensitivity analyses were conducted on the estimated incremental costs of all of the
comparators and key model parameters; and

e Base case assumptions: caseload 130 procedures/yr; discount rate 5%.

RARP compared with ORP

The total average costs of RARP were CANS15,682/patient, and those of ORP were
CANS$11,822/patient (incremental costs CANS3,860). The largest differences were seen in robot
costs (CANS3,785), hospitalization (CANS3,714), costs of disposables (CANS$S2,330), and robot
maintenance costs (51,064).

Robotic Assisted Surgery — Final Evidence Report — April 15, 2012 44



AV Washington Stat
’(“‘ H::lth %t:; Aut(;lority WA Health Technology Assessment - HTA

RARP compared with LRP

The total average costs of RARP were CAN$19,360/patient, and those of LRP were
CANS14,735/patient (incremental costs CANS4,625). The largest differences were seen in robot
costs (CANS3,785), hospitalization (CANS$1,929), costs of disposables (CANS1,711), and robot
maintenance costs (CANS1,064).

Note: Hospital costs differed in the two comparisons because two different sets of studies were
used to estimate lengths of stay, and their results differed.

Subsequently Published Study Results
No subsequent studies addressed this key question.

Overall Summary and Limitations of the Evidence
The overall strength of the economic evaluation evidence for the following findings is
moderate:

e Comparisons between the various prostatectomy procedure groups (robotic, open,
laparoscopic), did not reveal clinically important differences in the major outcomes
(mortality, morbidity, QoL, disease recurrence).

e A cost-minimization study found that RARP was more expensive than ORP (incremental
cost $3,860 per patient) and LRP (incremental cost $4,625). The incremental costs of
RARP might be reduced by increasing caseload, with significant cost reductions seen in
the first 200 cases. A benefit of using the robot is a potential saving on hospitalization
costs because of reduced lengths of hospital stay. The cost of the robot included in this
economic analysis is for the newer model (da Vinci Si; US $1.75 million). However, the
model reported in most of the literature is the older model (da Vinci; USS1.2 million). If
this analysis had been carried out using the costs of the earlier model, the increased
incremental costs of both comparisons (RARP vs. ORP and RARP vs. LRP), would have
been less than what is reported in this cost-minimization study.

Economic analysis is limited by the lack of evidence for significant long-term outcomes (e.g.,
Qol, return to work, mortality) differences between interventions. This allowed for only a cost-
minimization analysis to be performed. The cost-effectiveness for an expensive technology is
therefore uncertain and difficult to evaluate due to the paucity of available evidence.

Hysterectomy

There were 34 hysterectomy studies identified comparing robotic surgery with either open or
laparoscopic surgery, which addressed the clinical key questions. There were 26 studies
identified in the systematic review selected as the sole source of evidence for this procedure,
the Ho [CADTH] (2011) TA. Study quality was assessed as being good (five studies), fair to good
(16 studies), and poor to fair (five studies). An additional eight studies were identified updating
this TA, which were quality rated using a standard CEbP tool. Two studies was quality rated as
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good, two as fair, and four as poor. Most of these studies were observational and retrospective
in design, and were rated as lower quality on this basis.

KQ1l: What is the evidence of the clinical efficacy and effectiveness of robotic
assisted surgery compared with open or laparoscopic approaches not
using robotic assistance? Does robotic assisted surgery improve patient
outcomes?

Ho [CADTH] (2011) TA Results

These studies involved women with either endometrial or early stage cervical cancer. Both of
these cancers are staged according to International Federation of Gynecology and Obstetrics
(FIGO) criteria. Many of the meta-analyses performed in this section were associated with high
(>50%) I* and chi” values indicating statistically significant heterogeneity between studies.
Relevant potential sources of heterogeneity were investigated for correlation with study
outcomes. Subgroup and sensitivity analyses based on study design, study quality, were
explored to identify systematic variations. Tables 3 and 4 present the findings of these analyses.

Robotic-assisted radical hysterectomy—robotic-assisted total hysterectomy (RARH-RATH)
compared with open radical hysterectomy—open total hysterectomy (ORH-OTH):
The meta-analysis results of the studies pertinent to this comparison are summarized below:

e Longer operative duration (WMD 63.57 minutes, 95% Cl 40.91 to 86.22);
e Shorter length of hospital stay (WMD -2.60 days, 95% Cl -2.99 to -2.21);
e Reduction of EBL (-222.03 mL, 95% Cl -270.84 to -173.22); and

e Reduced risk of transfusion (RR 0.25, 95% Cl 0.15 to 0.41).

Results of the analysis based on study design and study quality found:

e Operative time was significantly longer in the robotic surgery group as shown by four of
the five meta-analyses (MA in the text, retrospective studies, and high to good quality
studies, moderate to low quality). Three of those meta-analyses reported significant
heterogeneity between studies.

e Five meta-analyses showed a consistent significant reduction in favor of the robotic
surgery group for the following outcomes:

o Hospital stay;

o Incidence of complications;
o Blood loss; and

o Incidence of transfusion.

e All meta-analyses reported significant heterogeneity except when addressing incidence
of complications.
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The high or good quality studies and the moderate or low quality studies did not change the
conclusions of the pooled meta-analysis.

Table 6. RARH-RATH Compared with ORH-OTH

Outcome Pooled MA Retrospective Prospective High to Good Moderate to Low
(Report Text Studies Studies Quality Quality
Results)
Operative Time | WMD 63.57* WMD 81.57* WMD 52.75%, WMD 55.31 WMD 66.44*
(minutes) [40.91, 86.22] [39.95, 123.20] NS [38.50, 72.11] [37.14, 95.74]
16 studies 6 studies [-0.86, 106.35] 4 studies 12 studies
3 studies
Hospital Stay WMD -2.60* WMD -2.25% WMD -3.76* WMD -2.69* WMD -2.72%*
(days) [-2.99, -2.21] [-2.71,-1.80] [-5.77, -1.76] [-4.22,-1.16] [-3.13,-2.30]
15 studies 6 studies 3 studies 4 studies 12 studies
Incidence of RR 0.38 RR 0.24 RR 0.37 RR 0.60 RR 0.29
complications [0.27,0.52] [0.14, 0.43] [0.21, 0.65] [0.44, 0.82] [0.21,0.41]
14 studies 5 studies 3 studies 4 studies 10 studies
Blood Loss (mL) | WMD -222.03* | WMD -202.92* WMD -232.53* WMD -285.78* WMD -210.01*
[-270.84, - [-290.21, - [-353.44, - [-432.94, - [-265.27, -154.75]
173.22] 115.62] 111.62] 138.62] 10 studies
14 studies 5 studies 2 studies 4 studies
Incidence of RR 0.25 RR 0.19 RR 0.32 RR 0.23 RR 0.25
transfusion [0.15, 0.41] [0.07,0.51] [0.15, 0.67] [0.09, 0.62] [0.14, 0.45]
11 studies 4 studies 3 studies 3 studies 8 studies

Robotic-assisted radical hysterectomy—robotic-assisted total hysterectomy (RARH-RATH)
compared with laparoscopic radical hysterectomy—laparoscopic total hysterectomy (LRH-LTH):
The meta-analysis results of the studies pertinent to this comparison reported:

e Similar operative times between laparoscopic and robotic groups (WMD 11.64 min, 95%
Cl: -7.95 to0 30.87);

e Shorter length of hospital stay in the robotic group (WMD -0.22 days, 95% Cl -0.38 to
-0.06);

e Reduction in EBL in the robotic group (-60.96 mL, 95% CI -78.37 to -43.54); and

e Risk of transfusion was decreased in the robotic group, but this difference was not
statistically significant (RR 0.62; 95% Cl 0.26 to 1.49, NS).

Results of the analysis based on study design and study quality found:

e Four of the five meta-analyses (MA in the text, prospective studies, and high to good
quality studies, moderate to low quality) did not show a significant difference for
operative time. Three of those meta-analyses reported significant heterogeneity
between studies.

e Three meta-analyses (MA in the text, retrospective studies, moderate to low quality
studies) showed a consistent significant reduction for hospital stay favoring the robotic
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surgery group with the exception of the high or good quality meta-analysis (2 studies)
which did not show a difference.

e Reduced incidence of complications in the pooled meta-analysis. However, reductions
were not statistically significant in three additional meta-analyses (retrospective studies,
prospective studies, high to good quality studies).

e Blood loss: Four meta-analyses consistently showed a significant reduction for EBL in
favor of the robotic surgery group.

e Five meta-analyses did not show a statistically significant difference for incidence of
transfusion.

Operative time, incidence of transfusion and blood loss outcomes did not change between the
pooled meta-analysis results and the high or good quality and moderate or low quality studies.

Table 7. RARH-RATH Compared with LRH-LTH

Outcome Pooled MA Retrospective Prospective High to Good Moderate to Low
(Report Text Studies Studies Quality Quality
Results)
Operative Time | WMD 11.64%, WMD 28.26* WMD 27.98, NS | WMD 36.82*, NS | WMD 6.77*, NS
NS [8.27, 48.26] [-0.13, 56.09] [-9.17, 82.80] [-13.95, 27.48]
[-7.95, 30.87] 7 studies 1 study 2 studies 11 studies
13 studies
Hospital Stay WMD -0.22* WMD -0.27* NA WMD -0.20, NS WMD -0.22*
(days) [-0.38, -0.06] [-0.44, -0.09] [-0.86, 0.46] [-0.39, -0.05]
11 studies 7 studies 2 studies 9 studies
Incidence of RR 0.54 RR 0.48, NS RR 0.89, NS RR 0.80, NS RR 0.48
complications [0.31, 0.95] [0.14, 1.66] [0.14, 5.88] [0.26, 2.44] [0.25,0.91]
5 studies 2 studies 1 study 1 study 4 studies
Blood Loss (mL) | WMD -60.96 WMD -58.77 NA WMD -78.16 WMD -55.47
[-78.37, -43.54] [-84.23, -33.31] [-108.52, -47.80] | [-77.14, -33.80]
11 studies 7 studies 2 studies 9 studies
Incidence of RR 0.62, NS RR 0.97, NS RR 0.89, NS RR 1.68, NS RR 0.42, NS
transfusion [0.26, 1.49] [0.29, 3.19] [0.25, 3.20] [0.41, 6.92] [0.15, 1.15]
5 studies 2 studies 1 study 2 studies 3 studies

Subsequently Published Study Results
Five additional studies were identified which addressed this key question. Two studies were
assessed as good, two as fair, and one as poor quality with regard to bias.

A multicenter study of 99 consecutive patients (Tinelli 2011) compared treatment for early,
FIGO stage | to lla, cervical cancer between robotic and laparoscopic total hysterectomy and
lymphadenectomy. This study was rated as good quality. Comparisons between the robotic and
laparoscopic groups noted the following:

e Longer operative time in the robotic group (323 min robotic vs. 255 laparoscopic; p =

0.05)
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e No statistically significant differences noted in:
o Baseline age, BMI, or cancer staging;

o Mean blood loss, median length of hospital stay, cancer recurrence rate at mean
follow-up of 31.1 months; and

o No conversions from robotic to open were required.

A good quality prospective cohort study of 95 consecutive radical hysterectomy patients
(Soliman 2011) compared robotic (RRH, 34 patients), laparoscopic radical hysterectomy (LRH,
31 patients), and open (RAH, 30 patients) approaches. There were no baseline differences in
age, BMI, race, cancer stage, or histologic diagnosis. The following outcomes were reported for
robotic, laparoscopic, and open surgery, respectively:

e Operative time (mins) (328 vs. 338 vs. 265; p=0.002 for robotic vs. open);
e EBL (mL) (100 vs. 100 vs. 509; p<0.001 for robotic vs. open);

e Risk of transfusion (%) (3 vs. 16 vs. 24; p<0.001 for robotic vs. open); and
e LOS (days) (1 vs. 2 vs. 4; p<0.01 for robotic vs. open).

Soliman (2011) did not report the statistical significance of comparisons between laparoscopic
hysterectomy and robotic hysterectomy. Pathologic findings did not differ significantly between
groups. The proportion of patients with negative surgical margins was similar between groups
(96% robotic vs. 97% laparoscopic vs. 97% open, p=0.99).

A fair quality, retrospective cohort of 90 patients with endometrial cancer evaluated
performance of single-port laparoscopy versus robotic and traditional laparoscopic
hysterectomy (Escobar 2011). The two treatment arms relevant to this review are the robotic
and laparoscopic groups, with 30 patients each. Cohorts were well-matched for age, BMI,
comorbidities, and cancer staging. Robotic and laparoscopic groups had no statistically
significant differences in terms of operative time (174.0 min robotic vs. 219.5 min laparoscopic,
NS), EBL (75 mL robotic vs. 100mL open, NS), and LOS (1.4 days robotic vs. 1.8 days
laparoscopic). However, the median number of lymph nodes retrieved during surgery was
significantly higher in the robotic group (17.0 nodes robotic vs. 13.0 laparoscopic, p=0.04).

A fair quality prospective cohort study (n=244) comprised of equally sized robotic and
laparoscopic groups reported lower EBL in the robotic group (81.1 mL robotic vs. 207.4 mL
laparoscopic, p<0.001) (Lim 2011). Additionally, both operative time (147.2 min robotic vs.
186.8 min laparoscopic, p<0.001) and LOS (1.5 days robotic vs. 2.3 days laparoscopic, p<0.001)
were shorter in the robotic group. However, the lymph node yield was significantly higher in
the laparoscopic group (25.1 robotic vs. 43.1 laparoscopic, p<0.001).

A poor quality retrospective cohort study of 215 patients with endometrial cancer compared
pain outcomes in patients undergoing robotic and traditional laparoscopic hysterectomy
(Martino 2011). The groups had no difference in age, BMI, cancer stage, or comorbidities. Initial
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post-operative pain score (verbally rated by patients on a 1 to 10 scale) was significantly lower
in the robotic group (2.1 vs. 3.0, p=0.012). Pain scores were collected at four subsequent points
over the next 24 hours and showed no difference between groups. Robotic surgery patients
received significantly fewer non-drug pain-relieving interventions from nurses (68.3% vs. 35%,
p<0.01), and although there was not a significant difference in the number of pain medication
interventions administered, the costs of pain medication were significantly lower in the robotics
group ($12.24 vs. $24.45, p<0.01 for the first 24 hours; $3.63 vs. $8.17, p<0.01 for the
remainder of stay). This study suffered from high risk of bias due to high potential for selection
bias, a risk of confounding as medications were not standardized, a reliance on the patients’
verbal pain scale, and questionable clinical significance of a 0.9-point difference in pain scale.

Overall Summary and Limitations of the Evidence
The overall strength of evidence regarding robotic hysterectomy for the following findings is
moderate:

e Robotic compared to open hysterectomy was associated with increased operative times,
shorter LOS, reduced EBL and risk of transfusion.

e Robotic compared to laparoscopic hysterectomy was also associated with shorter LOS,
and reduced EBL, but there were no statistically significant differences in terms of
operative duration or risk of transfusion.

The results of the four subsequently published studies did not change the above conclusions.
The strength of evidence is low that robotic hysterectomy and laparoscopic hysterectomy were
associated with similar cancer recurrence rate at approximately 2.5 years. The strength of
evidence is low that robotic hysterectomy was associated with lower pain scores initially, but
similar pain score later when compared to laparoscopic hysterectomy.

The quality ratings of the studies, which were observational in design, varied. The choice of
patient participation in the treatment arms was subject to selection bias.

KQ2: For robotic assisted surgery, what is the evidence of the severity and
incidence of safety or adverse event concerns compared with open or
laparoscopic approaches?

Ho [CADTH] (2011) TA Results

Robotic-assisted radical hysterectomy—robotic-assisted total hysterectomy (RARH-RATH)
compared with open radical hysterectomy—open total hysterectomy (ORH-OTH):

The meta-analysis results of the studies pertinent to this comparison favored RARH-RATH and
are summarized below:

e Reduced incidence of complications (RR 0.38, 95% Cl 0.27 to 0.52); and

e The most commonly reported complications were ileus, wound infection, lymphedema,
vaginal cuff hernia, port site hernia, re-operation for bleeding, delayed voiding, deep
vein thrombosis, and vaginal cuff dehiscence.
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Robotic-assisted radical hysterectomy—robotic-assisted total hysterectomy (RARH-RATH)
compared with laparoscopic radical hysterectomy—laparoscopic total hysterectomy (LRH-LTH):
The meta-analysis results of the studies pertinent to this comparison favored RARH-RATH and
are summarized below:

e Lower complication rates (RR 0.54, 95% Cl 0.31 to 0.95); and

e The most commonly reported complications were wound infection, ileus, lymphedema,
vaginal cuff hematoma, bleeding, delayed voiding, deep vein thrombosis, and injury of
vena cava.

Subsequently Published Study Results

One good quality study (Soliman 2011) reported differing postoperative infection rates (8.8%
vs. 25.8% vs. 53.3%; p<0.001) comparing robotic, laparoscopic, and open surgery, respectively.
One fair quality study (Lim 2011) reported lower incidence of conversion to open surgeries in
the robotic group than in the laparoscopic group (0.8% vs. 6.5%, p=0.033), as well as lower
incidence of major complications (4% vs. 12.3%, p=0.033). In that same study, the decrease in
intraoperative complications among the robotic group trended toward significance (0.8%
robotic vs. 5.7% laparoscopic, p=0.066), while the incidence of minor complications and the
incidence of readmission were similar between groups. Intraoperative complications were
defined as bowel, bladder, ureteral, nerve or vascular injury at the time of surgery. Major
postoperative complications included cuff dehiscence, cuff cellulitis/pelvic abscess, deep vein
thrombosis, pulmonary embolus, myocardial infarction, and bacteremia. Minor postoperative
complications included urinary tract infection, wound infection, ileus, and electrolyte
abnormalities.

Additionally, the fair quality Escobar study (2011) reported fewer conversions (0 in 30 robotic
vs. 1in 30 laparoscopic) and complications (1 in 30 robotic vs. 2 in 30 laparoscopic) but did not
report the statistical significance of these findings.

Overall Summary and Limitations of the Evidence

The overall strength of evidence is moderate that robotic hysterectomy has lower incidence of
complications than laparoscopic and open approaches. Further, the strength of evidence is
moderate that the types of complications reported are similar among groups.

The quality ratings of the studies, which were observational in design, varied. The choice of
patient participation in the treatment arms was subject to selection bias.

KQ3: What is the evidence that robotic assisted surgery has differential efficacy
or safety issues in sub populations?

Ho [CADTH] (2011) TA Results

Most sub-populations above were not reported in Ho [CADTH] (2011). Four studies reported
information about surgeons’ expertise. Information about surgeons’ experience was insufficient
to perform a sensitivity analysis regarding the impact of the learning curve on clinical outcomes.
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Subsequently Published Study Results

Four studies were identified which addressed this key question (Geppert 2011; Lim 2011;
Seamon 2009; Subramaniam 2011). Three of the studies involved the subgroup of obese
women and the fourth study reported on the learning curve of comparative treatments.

A sub-population study (Geppert 2011) compared robotic and open hysterectomy in morbidly
obese women (n=114) for clinical outcomes and was rated as poor quality. Surgical indications
were low risk endometrial cancer, bleeding disorders, adenomyosis and myomas. Baseline age
was older and the BMI was higher in the robotic versus the open surgery groups (mean age:
52.5 yrs; range 35-85; p<0.05); (median BMI 32.5kg/m?; p=0.04). Hysterectomy in obese
women has been associated with higher complication rates and presents difficulties with
management by conventional laparoscopic techniques. Therefore, the open procedure is the
more clinically relevant comparator for this subgroup. In Geppert’s (2011) overall analysis,
obese patients undergoing the robotic procedure had longer operative times (136 min robotic
vs. 110 min open, p=0.0004), but less blood loss (100 mL robotic vs. 300 mL open, p<0.0001)
and shorter mean postoperative hospital stays (1.6 days robotic vs. 3.8 days open, p<0.0001).
These groups were further stratified by degree of obesity. Among those with a BMI from 30.0
to 34.9, robotic surgery was associated with longer operative times (136 min robotic vs. 108
min open, p=0.007), less blood loss (100 mL robotic vs. 300 mL open, p=0.0002), and shorter
mean postoperative hospital stays (1.6 days robotic vs. 3.3 days open, p<0.0001). Among those
with a BMI greater than 35.0, the robotic procedure was again associated with decreased blood
loss (50 mL robotic vs. 300 mL open, p=0.0007) and shorter post-operative hospital stay (1.6
days robotic vs. 5.7 days open, p=0.0001), but statistically similar operative time (136 min
robotic vs. 128 min open, p=0.31) when compared to the open procedure.

Additionally, the Geppert study (2011) compared the first 25 robotic cases to the last 25 robotic
cases to evaluate the effect of surgeon experience on surgical outcomes. Patients in the early
robotic group were found to have significantly longer operation times (208 min early vs. 136
min late, p<0.0001), longer operation room times (290 min early vs. 234 min late, p=0.002),
greater EBL (200 mL early vs. 100 mL late, p=0.02), and longer hospital stays (2.3 days early vs.
1.6 days late, p=0.008). When the early and late robotic groups were stratified by degree of
obesity, more obese women (BMI > 35.0) retained these learning-curve advantages, with
shorter operative times (189 min early vs. 136 min late, p=0.003), less blood loss (200 mL early
vs. 50 mL late, p=0.05), and shorter hospital stays (2.5 days early vs. 1.6 days late, p=0.02).
However, among less obese women (BMI 30.0 to 34.9), there were no significant differences in
blood loss and LOS between early and late groups. Decreases in operative time with surgeon
experience remained significant in the less-obese group (217 min early vs. 136 min late,
p=0.002).

Among obese women in the Geppert study (2011), complications were reported more often in
the open group than in the robotic group (35.9% open vs. 12.0% robotic, p=0.003).
Complications reported in the open group included one bowel obstruction requiring
reoperation, one bladder injury, five postoperative fevers, seven postoperative blood

Robotic Assisted Surgery — Final Evidence Report — April 15, 2012 52



AV Washington Stat
’(“‘ H::lth %;t:; Autiority WA Health Technology Assessment - HTA

transfusions, one hematoma of the abdominal wall, two cases of urinary retention, two sub-
ileus, two vaginal cuff hematomas, one cerebral stroke, and one readmission due to abdominal
pain. Among the robotic group, complications included a trocar hernia requiring reoperation
nine months later, postoperative vaginal bleeding (one case requiring a transfusion), one ureter
injury, one vaginal cuff dehiscence and one rectocele.

Additionally, a poor quality retrospective cohort study of 177 obese patients with endometrial
cancer compared robotic to open hysterectomy (Subramaniam 2011). Robotic surgery patients
were significantly younger (57.0 years vs. 61.3 years, p=0.01) and had significantly fewer vaginal
deliveries (1.79 vs. 2.63, p=0.007). Surgical outcomes comparing the robotic to the open
approach reported:

e Operative time (mins) (246 vs. 138 ; p<0.001);

e EBL(mL) (96 vs. 409; p<0.001);

e LOS (days) (2.7 vs. 5.1; p<0.001);

e Incidence of wound complications (4.1% vs. 20.2%; p=0.002);

e Incidence of non-wound complications (9.6% vs. 29.8%; p=0.001); and
e Mortality at 30-days (0.0% vs. 1.0%; p=1.000).

The types of complications reported in the Subramaniam (2011) study included urinary tract
infection and pneumonia in the robotic group, compared to cardiac, pulmonary, and
gastrointestinal dysfunction in the open group. lleus was the most common non-wound
complication and occurred in 10 patients who had laparotomy and one patient who underwent
the robotic procedure.

A poor quality retrospective cohort study of 300 patients with endometrial cancer compared
robotic staging to open laparotomy in obese patients (Seamon 2009). Patients who underwent
robotic staging were matched by surgeon and BMI to one or two patients who had undergone
open staging in the same time period. The robotic surgery patients were significantly younger
(58 years vs. 62 years, p=0.03), were significantly less likely to have had prior surgeries (50.5%
vs. 62.6%, p=0.04), and were significantly more likely to have >3 comorbidities (42.9% vs.
26.3%, p=0.05). Robotic surgery patients had significantly less blood loss (109mL vs. 394mL,
p<0.001), lower risk of transfusion (2% vs. 9%, p=0.046), and significantly longer operative time
(228 vs. 143 minutes; p<0.001). There was no significant difference in adequacy of staging,
percentage of patients undergoing lymphadenectomy, or total lymph node yield, although
robotic patients had a higher yield of left aortic nodes (4.8+3.5, 3.5+3.0, P=0.02).

Seamon (2009) reported that the risk of complications was significantly lower in the robotic
group than in the open group (RR 0.29, 95% Cl 0.13 to 0.65). Complications reported in the
open group included major vessel injury (n=1), gastrointestinal events (n=19), pulmonary
events (n=5), cardiac events (n=2), acute renal failure (n=3), and others. Complications in the
robotic group included cardiac events (n=1), pulmonary events (n=2), gastrointestinal injury
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(n=1), and others. There was one reported death in the laparotomy group and none in the
robotic group. In addition to the high degree of baseline differences between patients, the
study is also at risk of bias due to the absence of an intention-to-treat analysis: patients
scheduled for robotic surgery who were converted to laparotomy (and their corresponding
match cases) were dropped from the final analysis. This, along with high potential for selection
bias, resulted in the study’s poor quality rating.

A case-matched, controlled study (Lim 2011), quality rated as fair, compared treatment of
endometrial cancer by total hysterectomy/lymphadenectomy by either a robotic-assisted
(RHBPPALND) or laparoscopic (LHBPPALND) approach. The latter series was a historical cohort
with epochs separated by 10 years. The study objective was to compare the learning curve for
both approaches.

Lim (2011) performed an analysis of the first 122 patients, in chronologic order, who underwent
either intervention. The surgeons in both cohorts had all just completed the minimum training
to be certified in both procedures. Limited information was reported regarding baseline
characteristics of both groups. This study was rated fair quality with bias potentially favoring
the robotic group in the more modern era. Certain steps in each procedure (i.e., hysterectomy,
vaginal cuff closure, etc.) were specified and regression curves derived to determine when the
curves stabilized; this established “proficiency” in that step. These milestones were then
compared between intervention groups. The overall chronologic case proficiency number for
RHBPPALND and LHBPPALND was the 24th case and 49th case, respectively.

Additionally, Lim (2011) reported that there were significantly better outcomes among more
experienced surgeons in terms of EBL with regard to the robotic procedure (93.5 mL early
group vs. 78.3 mL late group, p=0.030). Similarly, operative time was significantly shortened
among experienced robotic surgeons (178.1 minutes early vs. 140.0 minutes later, p=0.015).
Differences in other outcomes were not significant between more and less experienced robotic
surgeons. In terms of the laparoscopic procedure, there were no statistically significant gains in
reported outcomes among more experienced surgeons when compared to less experienced
surgeons.

Overall Summary and Limitations of the Evidence

There is low strength of evidence, based on consistent findings across three studies, that
robotic versus open hysterectomy in obese and morbidly obese patients results in increased
operative time but reduced EBL, LOS and rates of complications. There is low strength of
evidence that complications associated with open surgery may be more severe than those
associated with robotic surgery among obese women.

There is low strength of evidence that surgical proficiency is achieved earlier with robotic than
laparoscopic total hysterectomy approaches. There is low strength of evidence that surgeon
experience can influence robotic hysterectomy outcomes in terms of EBL and operative time,
while outcomes after laparoscopic hysterectomy are not significantly different depending on
surgeon experience.
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The quality ratings of the studies, which were observational in design, varied. The choice of
patient participation in the treatment arms was subject to selection bias.

KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery
compared with open or laparoscopic approaches?

Ho [CADTH] (2011) TA Results

Eight individual studies on hysterectomy provided information pertinent to this question.
Three studies originated in the United States, and most were analyzed from the hospital
perspective. The majority of these studies did not describe baseline comparative group
characteristics (e.g., robotic, open, and laparoscopic). Economic outcomes were reviewed and
mean or median total costs of care were commonly reported. Among studies, these variably
included: capital equipment (robot) and maintenance contracts, robotic disposables, operating
room and supplies, anesthesia, medication, ICU and ward, procedure, outpatient, nursing,
medical staff, transfusion, and productivity costs.

The types of economic studies varied, such that their results could not be combined.

e In a decision-analytic model, the estimated per-patient total hospital costs for robotic,
open, and laparoscopic hysterectomy (with robot and maintenance costs included) were
$8,770, $7,009, and 56,581, respectively.

e Another study analyzed the cost-consequences of robotic compared with open
hysterectomy noting that the higher robotic system costs were offset by the shorter
length of stay (LOS) in the robotic cases. Thus, total hospital costs were lower in the
robotic group (59,613 *+ 1,089 compared with $11,764 + $6,790), assuming a five robotic
caseload/week.

e In another cost-consequence analysis of robotic compared with laparoscopic
hysterectomy, LOS was the same in both groups, thus higher hospital costs incurred in
the robotic group were not offset by this factor. This resulted in higher total hospital
costs for the robotic group (55,084 + $938 compared with $3,615 + $1,026).

e Another large study, using an administrative database, analyzed 1,661 robotic and
34,527 laparoscopic hysterectomies. Outpatient versus inpatient LOS were compared
between the interventions, with robotic group incurring higher total hospital costs in
both settings:

o Inpatients ($9,640 + $1,640 compared with $6,973 + $1,167); and
o Outpatients (57,920 + $1,082 compared with $5,949 + $812).

e Another cost-consequence study reported total hospital costs for the robotic, open, and
laparoscopic hysterectomy groups were £2,740, £2,678, and £2,323, respectively.

e Another cost-consequence study reported total mean per-patient costs in the robotic,
laparoscopic, and open surgery groups as $50,758, $41,436, and $48,720, respectively.
Multivariate linear regression analysis confirmed a statistically significant independent
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effect of the method of hysterectomy on total costs. Body mass index was found to be
the most important predictor of operative costs, regardless of surgical approach.

e Another study compared robotic and laparopscopic hysterectomy and considered only
material and personnel costs. The total average surgical costs in the robotic surgery and
laparoscopy groups were €4066.84 and €2150.76, respectively.

e One study comparing robotic, open, and laparoscopic hysterectomy included outcomes
other than cost.

o The total average direct costs (labor, pharmacy, supplies, room and board,
depreciation) were:

= Robotic group ($6,002.10 + $733.90);
=  Open group ($7,403.80 + $3,310.60); and
= Laparoscopy group ($5,564.00 + $1,297.90).
o The total average indirect (overhead) costs were:
= Robotic surgery ($2,209.90 + $417.70);
=  QOpen group (55,539.80 * 2,589.30); and
= Laparoscopy group ($2,005.80 *+ $249.00).
o The lost wages and household productivity were:
= Robotic group $3,495;
= Open group $4,582; and
= Laparoscopy group $7,540.
Subsequently Published Study Results
The Martino study (2011) briefly reported on the costs of postoperative pain management
between individuals undergoing robotic or laparoscopic hysterectomy. Martino (2011) reported

that the costs of pain medication were significantly lower in the robotics group ($12.24 vs.
$24.45, p<0.01 for the first 24 hours; $3.63 vs. $8.17, p<0.01 for the remainder of stay).

Overall Summary and Limitations of the Evidence
The overall strength of the economic evaluation evidence for the following findings is
moderate:
e Robotic surgery was generally the most costly, followed by open, then laparoscopic
approaches;

o These costs were influenced primarily by operative times, LOS, and cost of
supplies; and

o Incremental costs are influenced by caseload.
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Comparisons between the various hysterectomy surgical approaches (robotic, open,
laparoscopic) did not report clinically important differences in the major outcomes (mortality,
morbidity, QolL, disease recurrence). The perspective of the analysis is important when
considering sensitivity factors. From the point-of-view of the hospital, the study model was
most sensitive to the costs of the robotic disposables, LOS, and operative time. From a societal
perspective, the same model was most sensitive to the costs of the robotic disposables and the
recovery time from robotic surgery.

Very low strength of evidence suggests that postoperative pain management costs were lower
in robotic hysterectomy than traditional laparoscopic hysterectomy.

The economic analyses are limited by the lack of evidence for significant long-term outcomes
(e.g., QoL, return to work, mortality) and differences between interventions.

Nephrectomy

There were 12 nephrectomy studies identified comparing robotic surgery with either open or
laparoscopic surgery for renal tumor excision, which addressed the clinical key questions. There
were 10 studies identified in the systematic review selected as the sole source of evidence for
this procedure Ho [CADTH] (2011) TA. Study quality was assessed as being good (one study),
fair to good (eight studies), and poor to fair (one study). An additional two studies were
identified updating this TA which were quality rated using a standard CEbP tool. These two
studies was quality rated as good. Most of these studies were observational and retrospective
in design, and were rated as lower quality on this basis.

KQ1l: What is the evidence of the clinical efficacy and effectiveness of robotic
assisted surgery compared with open or laparoscopic approaches not
using robotic assistance? Does robotic assisted surgery improve patient
outcomes?

Ho [CADTH] (2011) TA Results

There were 10 nephrectomy studies identified which compared robotic surgery with either
laparoscopic or open surgery. The study sample sizes ranged from 22 to 247 with the length of
follow-up reported varying from 4 months to 4 years. These ten studies focused on patients
with renal cell carcinoma. The “TNM” system is used to describe the disease stage. Among the
stages, “T” = the size of the primary tumor and local extent of the disease, “N” = the degree of
spread to regional lymph nodes, and “M” = the presence of metastases.

Many of the meta-analyses performed in this section were associated with high (>50%) I* and
chi? values indicating statistically significant heterogeneity between studies. Relevant potential
sources of heterogeneity were investigated for correlation with study outcomes. Subgroup and
sensitivity analyses based on study design, study quality, were explored to identify systematic
variations. Table 8 presents the findings of these analyses.
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Robotic-assisted partial nephrectomy (RAPN) compared with laparoscopic partial nephrectomy
LPN):
The meta-analysis results of the studies pertinent to this comparison are summarized below:

e Operative duration similar between interventions (WMD 1.42 minutes, 95% Cl -15.8,
18.6, NS);

e Shorter LOS in robotic group (WMD -0.25 days, 95% Cl -0.47 days to —0.03 days);

e EBL similar between interventions (-17.44 mL, 95% Cl -53.63 to 18.75 mL, NS);

e Risk of transfusion (RR 0.85, 95% Cl 0.24 to 3.09, NS); and

e Reduced warm ischemic time (WMD -4.18 minutes, 95% Cl -8.17 to —0.18 minutes).

Results of the analysis based on study design and study quality found:

e Inconsistent results reported for operative time across all meta-analyses. Four meta-
analyses reported significant heterogeneity between studies.

e Four of the five meta-analyses (MA in the text, retrospective studies, high to good
quality studies, moderate to low quality) showed a significant reduction in hospital stay
in favor of the robotic surgery group. Three of those meta-analyses reported significant
heterogeneity between studies.

e Five meta-analyses did not show a significant difference for incidence of complications.

e Four of the five meta-analyses did not show a significant difference for blood loss
although the single high to good quality study did.

e Five meta-analyses did not show a significant difference for incidence of transfusion.

In general, there was consistency across most meta-analyses for the following outcomes:
hospital stay, incidence of complications, blood loss, and incidence of transfusion.
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Table 8. RAPN Compared with LPN

Outcome

Pooled MA

(Report Text

Retrospective
Studies

Prospective
Studies

WA Health Technology Assessment - HTA

High to Good
Quality

Moderate to Low
Quality

Results)

Operative Time | WMD 1.42*, NS | WMD 1.89*, NS | WMD -3.81*, NS | WMD 15.00 WMD -0.76*, NS
(minutes) [-15.78, 18.62] [-16.50, 20.29] [-74.23, 66.61] [5.20, 24.80] [-25.39, 23.87]

9 studies 7 studies 2 studies 1 study 7 studies
Hospital Stay WMD -0.25* WMD -0.25* WMD -0.20, NS | WMD -0.30 WMD -0.28*
(days) [-0.47, -0.03] [-0.50, -0.01] [-0.60, 0.19] [-0.41,-0.19] [-0.41, -0.19]

9 studies 7 studies 2 studies 1 study 7 studies
Incidence of RR 1.24, NS RR 1.30, NS RR 0.91, NS RR 0.84, NS RR 1.20, NS
complications [0.79, 1.93] [0.77, 2.20] [0.09, 8.93] [0.38, 1.83] [0.68, 2.14]

6 studies 5 studies 1 study 1 study 4 studies
Blood Loss (mL) | WMD -17.44%, WMD -14.16%, WMD -29.79, NS | WMD -41.00 WMD-18.70*, NS

NS NS [-103.43, 43.84] | [-70.12,-11.88] [-75.88, 38.49]

[-53.63, 18.75] [-55.70, 27.38] 2 studies 1 study 7 studies

9 studies 7 studies
Incidence of RR 0.85, NS RR 1.20, NS RR 0.53, NS RR 0.46, NS RR 1.10, NS
transfusion [0.24, 3.09] [0.18, 7.82] [0.07, 3.88] [0.04, 4.98] [0.24, 5.07]

4 studies 2 studies 2 studies 1 study 3 studies
Warm ischemic | WMD -4.18* WMD -5.26* WMD -1.71*%, NS | WMD -10.80 WMD -2.69%, NS
time (minutes) | [-8.17, -0.18] [-9.24, -1.28] [-13.59, 10.17] [-14.28,-7.32] [-6.20, 0.83]

8 studies 6 studies 2 studies 1 study 7 studies

Robotic-assisted radical nephrectomy compared with laparoscopic radical nephrectomy

Two small studies (Hemal 2009; Nazemi 2006) compared robotic radical nephrectomy (n=21) to
laparoscopic radical nephrectomy (n=27). In both studies, operative times were significantly
longer in the robotic group. Nazemi (2006) reported significantly shorter length of stay among
the robotic group, but Hemal (2009) found no significant difference between groups. Across
both studies, transfusion rates and estimated blood loss were not statistically different
between groups.

Robotic-assisted radical nephrectomy compared with open radical nephrectomy

One small study (Nazemi 2006) compared robotic radical nephrectomy (n=6) to open radical
nephrectomy (n=18). The Nazemi (2006) study reported longer operative times (345 min
robotic vs. 202 min open, p=0.02), shorter length of stay (3 days robotic vs. 5 days open,
p=0.03), and less blood loss (125 mL robotic vs. 500 mL open, p=0.01) among the robotic group.

Transfusion rates were not statistically significantly different between groups.

Subsequently Published Study Results
A small, good quality retrospective study (Hillyer 2011) compared outcomes of bilateral,
sequential robotic nephrectomy (RPN) and laparoscopic partial nephrectomy (LPN). These
procedures were proposed to be minimally invasive, nephron-sparing techniques for excising
bilateral renal tumors. This report included 9 and 17 patients with bilateral synchronous renal
cell carcinoma in the two intervention groups, respectively.
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e There were no statistically significant differences between the two groups at baseline in
terms of age, gender, BMI, American Society of Anesthesiologists (ASA) score, and
preoperative renal function (p values ranged from 0.2 to 0.72).

e The interval between sequential partial nephrectomy was similar (4.78 and 4.9 months)
for the RPN and LPN groups, respectively (p < 0 .43).

e Surgical outcomes favoring the RPN group noted:

o Atendency toward shorter warm ischemia time (19 vs. 37 minutes; p=0.056);
and

o Significant lessening in the negative clinical renal functional effect, as measured
by the percentage of decrease (-14.6% vs. -37.4%; p=0.03) in glomerular
filtration rate (GFR) at 1 month post-operative.

Another retrospective study (Pierorazio 2011) of good quality was identified which compared
unilateral RPN (n=48) and LPN (n=102). This study analyzed the perioperative outcomes of a
single surgeon performing both interventions. Baseline characteristics of patients and tumor
pathology were not statistically different, with the exception of age and BMI which slightly
favored the laparoscopic group.

e Surgical outcomes favoring the RPN group noted:

o Mean operative times (min): 152 (108-265) vs. 193 (100-420), p<.001;
o  Warm ischemic time (min): 14 (8-30) vs. 18 (8-65), p<.001; and

o Mean EBL (mL): 122 (0-500) vs. 245 (50-1700), p=.001.

No statistically significant differences were noted between groups for either transfusion rates
or LOS.

Overall Summary and Limitations of the Evidence
There is low strength of evidence that robotic partial nephrectomy, compared to a laparoscopic
approach results in:

e Shorter LOS;

e Reduction in warm ischemic time;

o Mixed results for operative times; and

e No significant differences for transfusion risk or EBL.

There is very low strength of evidence that robotic radical nephrectomy, compared to a
laparoscopic approach resulted in:

e Longer operative times;

e Mixed results for LOS; and
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¢ No significant differences in blood loss and incidence of transfusion.

There is very low strength of evidence that robotic radical nephrectomy had longer operative
time, shorter LOS, less blood loss, and similar transfusion and complication rates when
compared to open radical nephrectomy.

The quality ratings of the studies, which were observational in design, varied. The choice of
patient participation in the treatment arms was subject to selection bias.

KQ2: For robotic assisted surgery, what is the evidence of the severity and
incidence of safety or adverse event concerns compared with open or
laparoscopic approaches?

Ho [CADTH] (2011) TA Results
Robotic-assisted partial nephrectomy (RAPN) compared with laparoscopic partial nephrectomy
LRN):

e Complication rates did not show a difference between treatments (RR 1.24, 95% CI 0.79
to 1.93, NS); and

e The most commonly reported complications were urinary leaks, bleeding, hematoma,
and pulmonary emboli.

Robotic-assisted radical nephrectomy compared with laparoscopic radical nephrectomy and
open radical nephrectomy:
Two studies compared these groups and found the following:

e Complication rates were found to be similar when comparing these procedures; and

e Types of complications were not specified for this comparison.

Subsequently Published Study Results
No subsequent studies addressed this key question.

Overall Summary and Limitations of the Evidence

There is very low strength of evidence that robotic partial nephrectomy and laparoscopic partial
nephrectomy had similar complication rates. There is very low strength of evidence that robotic
radical nephrectomy, laparoscopic radical nephrectomy and open radical nephrectomy had
similar complication rates.

The quality ratings of the studies, which were observational in design, varied. The choice of
patient participation in the treatment arms was subject to selection bias.
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KQ3: What is the evidence that robotic assisted surgery has differential efficacy
or safety issues in sub populations?

Ho [CADTH] (2011) TA Results

Most of the sub-populations listed in the key questions above were not reported in Ho [CADTH]
(2011). Information about surgeons’ experience was insufficient to perform a sensitivity
analysis regarding the impact of the learning curve on clinical outcomes for any of the
nephrectomy study results.

Subsequently Published Study Results

One study (Pierorazio 2011) reported perioperative results of cases by consecutive cohort
groups of 25 patients in order to analyze the effect of the learning curve of a single surgeon.
The early and late robotic cohorts showed no statistically different results in operative time,
warm ischemic time, or EBL.

Overall Summary and Limitations of the Evidence

There is very low strength of evidence that robotic partial nephrectomy, compared to a
laparoscopic partial approach results in no changes in selected surgical outcomes associated
with a learning curve. No evidence was identified that addressed radical nephrectomy
procedures for this key question.

KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery
compared with open or laparoscopic approaches?

Ho [CADTH] (2011) TA Results

Three economic studies which compared various groups of robotic, laparoscopic, and open
treatment modalities, included radical nephrectomy procedures. Little information was
included regarding baseline characteristics, but a selection bias of smaller tumor size and
younger age seemed to favor the surgical outcomes for the robotic groups.

One study noted mean total per-patient hospital costs in the robotic surgery and laparoscopic
groups were $11,615 and $10,635, respectively. In another study, because of longer operating
room times, the robotic surgery group had the highest operating room costs (510,252,
compared with $4,533 for open surgery, and $7,781 for laparoscopy; P = 0.007) and the highest
total hospital costs (535,756 compared with $25,503 for open surgery, and $30,293 for
laparoscopy; P = 0.36). A third study reported that patients undergoing robotic, compared with
open nephrectomy had shorter LOS (2.85 days compared with 5.58 days) and lower average
direct costs ($11,557 compared with $12,359).

Among the nephrectomy studies, robotic surgery was more costly than laparoscopy, with mixed
results compared to open surgery. The three studies either did not include robot costs, or it was
unclear whether they were included.

Subsequently Published Study Results
No subsequent studies addressed this key question.
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Overall Summary and Limitations of the Evidence

There is low strength of evidence that the direct and indirect costs for nephrectomy are higher
than laparoscopic nephrectomy, but with mixed results when compared to open surgery. The
limited information regarding patients and interventions make results of this cost information
unclear. Economic analysis is limited by the lack of evidence for significant long-term outcomes
(e.g., QoL, return to work, mortality) differences between interventions. No evidence was
identified that addressed partial nephrectomy for this key question.

Cardiac Surgery

There were nine studies identified comparing robotic-assisted with non-robotic-assisted cardiac
surgeries, which addressed the clinical key questions. Eight of these studies were identified in
the systematic review, selected as the sole source of evidence for this procedure Ho [CADTH]
(2011) TA. One study was assessed as being of good quality, six were of fair to good quality, and
one was of poor to fair quality. An additional study was identified updating this TA which was
quality rated as good using a standard CEbP tool. Most of these studies were observational and
retrospective in design, and were rated as lower quality on this basis.

KQ1l: What is the evidence of the clinical efficacy and effectiveness of robotic
assisted surgery compared with open or laparoscopic approaches not
using robotic assistance? Does robotic assisted surgery improve patient
outcomes?

Ho [CADTH] (2011) TA Results

Studies which compare robotic-assisted with non-robotic-assisted cardiac surgery procedures
are limited. The comparators differ among most studies in such a way that it was not possible
to perform a meta-analysis; except for LOS outcomes in mitral valve repair. There were eight
studies that compared robotic-assisted procedures with non-robotic-assisted procedures,
including five for mitral valve repair, one for coronary artery bypass grafting (CABG), and two
for septal defect repair.

Surgical outcomes were reported as follows:
e All robotic cardiac procedures required longer operative times;
o Statistically significant values ranging from P<0.0001 to <0.002 (one study did
not report p value);
e All robotic cardiac procedures noted shorter LOS;
o Four studies were statistically significance ranging from p=0.039 to <0.001.
o Pooled results for mitral valve repair noted shorter LOS in robotic group (WMD =

-2.15 days; 95% Cl -3.57 to -0.73).

e Transfusion rates were reported for two of the eight studies. One study addressed
robotic atrial septal repair (compared to partial lower sternotomy) and one study
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addressed robotic mitral valve repair (compared to sternotomy). Both studies reported
statistically similar findings between the robotic and non-robotic groups.

Subsequently Published Study Results
No studies were identified which met inclusion criteria to update the Ho [CADTH] (2011) for this
key question regarding either atrial septal repair or CABG.

A good quality study compared robotic versus open mitral valve repair (Suri 2011) and reported
early surgical outcomes of 95 “propensity-matched” pairs, prospectively.
e Extensive matching of baseline demographics, cardiac disease and comorbidities
provided that the intervention groups were statistically identical.
e Early surgical outcomes reported:
o Shorter crossclamp times in open group (31 vs. 75 median mins, p<0.001);
o Shorter bypass times in open group (40 vs. 101 median mins, p<0.001);

o Longer post-operative ventilation in open group (6.4 vs. 4.0 median hrs;
p<0.001);

o Longer total ICU stay in open group (22.5 vs. 18.5 median hrs, p<0.001); and
o Longer LOS in open group (5 vs. 3 median days, p<0.001).

e Early postoperative (within 30 days) surgical outcomes were similar for both groups.

Overall Summary and Limitations of the Evidence

The strength of evidence was low that operative times were longer, LOS was shorter, and
statistically similar transfusion rates in the robotic group for all cardiac procedures. These
studies were limited by small sample sizes and various technical detail differences across

interventions. The generalizability of these results is unclear.

KQ2: For robotic assisted surgery, what is the evidence of the severity and
incidence of safety or adverse event concerns compared with open or
laparoscopic approaches?

Ho [CADTH] (2011) TA Results

Findings on complication rates are reported in only four studies with mixed results between
robotic-assisted and non—-robotic-assisted cardiac procedures. Complications are not specified
in detail.

Subsequently Published Study Results
No subsequent studies addressed this key question.
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Overall Summary and Limitations of the Evidence
There is low strength of evidence on adverse events. Complication rates are mixed among
intervention groups. Types of adverse events are not specified in detail.

KQ3: What is the evidence that robotic assisted surgery has differential efficacy
or safety issues in sub populations?

Ho [CADTH] (2011) TA Results
No information regarding cardiac surgery addressed this key question.

Subsequently Published Study Results

The subsequently published study (Suri 2011) which compared open versus robotic mitral valve
repair, and reported early surgical outcomes of 95 “propensity-matched” pairs analyzed results
between the first and second halves of their robotic series. In comparing early and later time
period surgeries, they noted statistically significant improvements (all p-values <0.001) in
bypass time, cross-clamp time, post-operative ventilation time, ICU stay, and LOS with surgical
experience.

Overall Summary and Limitations of the Evidence

Subpopulations, with the exception of surgeon experience, were not reported. There is low
strength of evidence that surgical experience improves robotic mitral valve repair perioperative
outcomes compared to open surgery. Evidence which addresses this key question is limited to a
single study of one type of the various cardiac surgeries included in this topic. These findings,
therefore, cannot be generalized and the overall strength of evidence for all other cardiac
surgery outcomes is very low.

KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery
compared with open or laparoscopic approaches?

Ho [CADTH] (2011) TA Results

Four economic studies were included for robotic cardiac surgery. All of the studies reported
similar patient baseline characteristics among comparison groups. Because of the numerous
interventions in this category of studies, the economic studies will be reviewed individually.

One study that compared robotic-assisted hybrid coronary artery revascularization (HCR) and
off-pump coronary artery bypass (OPCAB) reported the total hospital costs were higher in the
robotic group (533,401 vs. 528,476 per patient).

Another study compared robotic mitral valve repair (MVR) with conventional MVR, in which the
authors reported per-patient hospital costs being higher in the robotic MVR group (518,503 vs.
$17,879).

Another study compared outcomes and costs for patients undergoing minimally invasive
coronary artery bypass grafting (mini-CABG) and OPCAB reported that a larger proportion of
mini-CABG patients reported a high level of satisfaction with the surgery (76.5% vs. 42.9%;
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p=0.035), and return to work or normal activities was quicker with this group (44.2 + 33.1 days
vs. 93.0 + 42.5 days; p=0.016). When the cost of the robot was added to the total average
hospital costs in mini-CABG, the costs for the mini-CABG group versus the OPCAB group was
$23,398 + 53,333 and $16,180 + $2,777 (p=0.001), respectively.

Another study analyzed the cost incurred in patients undergoing atrial septal defect (ASD)
closure (robotic vs. sternotomy) and MVR (robotic vs. sternotomy). In the ASD analysis, the
mean intraoperative costs for robotic surgery patients and sternotomy patients were $8,457 +
2,623 and $7,413 + $2,581, respectively. Higher costs in the robotic surgery group were
attributed mainly to higher operating room and supply costs. The mean postoperative costs for
robotic surgery patients and sternotomy patients were $3,164 + 5656 and $3,237 + $876,
respectively. Patients in the robotic surgery group had lower mean ICU, laboratory, and room
and board costs. The total average costs in the ASD analysis were $11,622 + $3,231 for robotic
surgery patients, and $10,650 * $2,991 for sternotomy patients. The addition of the cost of the
robot increased the total average cost per case in the robotic ASD group by $3,773. The relative
costs in the MVR analysis were comparable.

Subsequently Published Study Results
No subsequent studies addressed this key question.

Overall Summary and Limitations of the Evidence

The overall strength of evidence on robotic-assisted cardiac procedures is low that the robotic
compared to open surgery groups incurred higher average patient costs. However, this was a
consistent finding across all types of cardiac procedures analyzed. The evidence base for cardiac
surgery is limited with small sample sizes and many different types of interventions reported.

Findings: Other Procedures

Four good quality SRs were identified that evaluated procedures not reported in the Ho
[CADTH] (2011) TA. These four SRs include procedures in the following anatomic categories:

e Abdominal (Maeso 2010) SR and meta-analysis;

e Esophageal and gastric cancer resection (Clark 2011) SR;

e Gynecological (Reza 2010) SR/MA; and

e Urological (Thavaneswaran 2009) SR.
These four SRs are used as sole sources of evidence for this report for their respective
procedures. All of these SRs were updated by a MEDLINE® search, from their search
termination dates, through January 2012. Procedures not evaluated by a previous good quality
SR underwent a full MEDLINE® search for the past ten years (January 2002 to 2012). Appendix C

details the procedures identified, which procedures were described in SRs, and the MEDLINE®
search dates by procedure.

Findings for each procedure are hereafter organized alphabetically.
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Adjustable Gastric Band

One SR (Maeso 2010) and two subsequently published studies were identified that compared
robotic-assisted to laparoscopic gastric banding approaches.

KQ1l: What is the evidence of the clinical efficacy and effectiveness of robotic
assisted surgery compared with open or laparoscopic approaches not
using robotic assistance? Does robotic assisted surgery improve patient
outcomes?

Systematic Review and Technology Assessment Findings
The Maeso SR (2010) identified a single small study that retrospectively compared robotic-
assisted (n=10) and laparoscopic (n=10) approaches for the treatment of morbid obesity.

e Operative time was noted to be “40 minutes longer” in the robotic group (statistical
significance not reported).

e No significant differences were seen with respect to the LOS (no data provided).

Subsequently Published Study Results

A large comparative retrospective study (Edelson 2010) compared a robotic-assisted (n=287) to
laparoscopic (n=120) gastric banding approaches. This study was quality rated as poor. No
statistically significant differences in baseline patient characteristics were noted between
intervention groups in age, preponderance of women, BMI, nor comorbidities. Patients were
followed for one year post-procedure.

The results of comparing robotic to laparoscopic banding groups were:

e For patients with a BMI greater than or equal to 50, operating times were shorter in the
robotic group (91.3%19.7 min vs. 101.3+23.7 min, p=0.04). The clinical significance of
this outcome (10 minute difference) is unknown.

e No statistically significant differences were noted in the following outcomes:
o Operating time;
o LOS;
o Weight loss at one year; and
o Conversion to open procedure.
Overall Summary and Limitations of the Evidence
There is low strength of evidence that robotic compared to laparoscopic gastric banding
resulted in similar LOS, weight loss at one year, and incidence of conversion to open procedure.
Additionally, there is inconsistent evidence that operative time was longer in those undergoing

robotic surgery compared to laparoscopic, and so the strength of evidence on this outcome is
very low. Studies were retrospective and observational only.
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KQ2: For robotic assisted surgery, what is the evidence of the severity and
incidence of safety or adverse event concerns compared with open or
laparoscopic approaches?

Systematic Review and Technology Assessment Findings
No significant differences were seen with respect to the number of complications (no data
provided) in the Maeso SR (2010).

Subsequently Published Study Results
In Edelson (2010), the complications reported between robotic and laparoscopic banding
groups were:

e Postoperative hospitalization (3.8% robotic vs. 4.2% laparoscopic, NS); and
e Reoperation (3.1% robotic vs. 2.5% laparoscopic, NS).
Overall Summary and Limitations of the Evidence
There were no significant differences between the two interventions based on a low overall

strength of evidence for all reported safety and adverse event outcomes. Limited evidence
addressed this key question. Studies were retrospective and observational only.

KQ3: What is the evidence that robotic assisted surgery has differential efficacy
or safety issues in sub populations?

Systematic Review and Technology Assessment Findings
The Maeso SR (2010) did not address this key question.

Subsequently Published Study Results
The study noted in key question #1 above (Edelson 2010) compared robotic and laparoscopic
approaches in gastric banding in a subpopulation of morbidly obese patients.

In this population, the results of comparing robotic to laparoscopic banding groups were:

e For patients with a BMI greater than or equal to 50, operating times were shorter in the
robotic group (91.3+19.7 min vs. 101.3+23.7 min, p=0.04). This 10-minute difference is
likely of doubtful clinical significance.

e No statistically significant differences were noted in the following outcomes:
o Operating time for other BMI subgroups;
o LOS;
o Weight loss at one year; and
o Conversion to open procedure.
Overall Summary and Limitations of the Evidence

In the sub-group of morbidly obese patients, there is low strength of evidence that robotic
versus laparoscopic gastric banding resulted in shorter operative times in patients with BMls of
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50 kg/m? or greater. There were no significant differences between groups for LOS, weight loss
at one year, and incidence of conversion to open procedure based on low strength of evidence.
Overall, no clinically significant differences were apparent between the two interventions. The
sole study that addressed this question was retrospective.

KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery
compared with open or laparoscopic approaches?

Systematic Review and Technology Assessment Findings

The Maeso SR (2010) reports that the cost of robotic-assisted surgery was “more than” $3200
greater than that of laparoscopy (p<0.05). No data was provided as to what costs this figure
represents.

Subsequently Published Study Results
No subsequent studies addressed this key question.

Overall Summary and Limitations of the Evidence

The overall strength of evidence is very low that robotic-assisted surgery was more expensive
than the laparoscopic procedure. However, evidence was limited as the costs included in the
estimate were not described.

Adnexectomy

One SR (Reza 2010) was identified that compare robotic-assisted and laparoscopic
adnexectomy procedures.

KQ1l: What is the evidence of the clinical efficacy and effectiveness of robotic
assisted surgery compared with open or laparoscopic approaches not
using robotic assistance? Does robotic assisted surgery improve patient
outcomes?

Systematic Review and Technology Assessment Findings

The Reza SR (2010) identified one study that compared the robotic-assisted procedure with
laparoscopic adnexectomy in 176 patients with adnexal masses. This study was assessed as
being of poor quality. The only significant difference between the two procedures was in the
increased duration of surgery favoring the robotic group (83 mins vs. 71 mins; p=0.01); of
doubtful clinical significance.

Subsequently Published Study Results
No subsequent studies addressed this key question.

Overall Summary and Limitations of the Evidence

There is low strength of evidence that robotic-assisted adnexectomy was associated with longer
surgical duration, but was similar across other measured outcomes compared to the
laparoscopic procedure.
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KQ2: For robotic assisted surgery, what is the evidence of the severity and
incidence of safety or adverse event concerns compared with open or
laparoscopic approaches?

Systematic Review and Technology Assessment Findings
The Reza SR (2010) did not address this key question.

Subsequently Published Study Results
No subsequent studies addressed this key question.

Overall Summary and Limitations of the Evidence
No evidence addresses this key question.

KQ3: What is the evidence that robotic assisted surgery has differential efficacy
or safety issues in sub populations?

Systematic Review and Technology Assessment Findings
The Reza SR did not address this key question.

Subsequently Published Study Results
No subsequent studies addressed this key question.

Overall Summary and Limitations of the Evidence
No evidence addresses this key question.

KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery
compared with open or laparoscopic approaches?

Systematic Review and Technology Assessment Findings
The Reza SR (2010) did not address this key question.

Subsequently Published Study Results
No subsequent studies addressed this key question.

Overall Summary and Limitations of the Evidence
No evidence addresses this key question.

Adrenalectomy

One study was identified that compared robotic and laparoscopic adrenalectomy procedures.

KQ1l: What is the evidence of the clinical efficacy and effectiveness of robotic
assisted surgery compared with open or laparoscopic approaches not
using robotic assistance? Does robotic assisted surgery improve patient
outcomes?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.
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Individual Study Search Results (January 2002 to 2012)

One poor quality small study addressed this topic (Brunaud 2004), comparing robotic (n=19)
and laparoscopic (n=14) surgery. Baseline patient characteristics showed no statistically
significant differences between groups in age, BMI, tumor type and size, nor tumor
nonfunctional/functional ratio. The follow-up period was six weeks. Operative times, morbidity,
pain, quality of sleep and sleep duration, showed no statistically significant differences between
groups.

Overall Summary and Limitations of the Evidence

The overall strength of evidence is very low that robotic compared to laparoscopic
adrenalectomy had no significant differences for operative times, morbidity, pain, quality of
sleep, and sleep duration.

KQ2: For robotic assisted surgery, what is the evidence of the severity and
incidence of safety or adverse event concerns compared with open or
laparoscopic approaches?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)
No studies were identified which addressed this key question.

Overall Summary and Limitations of the Evidence
No evidence addresses this key question.

KQ3: What is the evidence that robotic assisted surgery has differential efficacy
or safety issues in sub populations?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)
No studies were identified which addressed this key question.

Overall Summary and Limitations of the Evidence
No evidence addresses this key question.

KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery
compared with open or laparoscopic approaches?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)
No studies were identified which addressed this key question.
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Overall Summary and Limitations of the Evidence
No evidence addresses this key question.

Cholecystectomy

One SR (Maeso 2010) and two subsequently identified studies were identified that compared
robotic cholecystectomy and laparoscopic cholecystectomy.

KQ1l: What is the evidence of the clinical efficacy and effectiveness of robotic
assisted surgery compared with open or laparoscopic approaches not
using robotic assistance? Does robotic assisted surgery improve patient
outcomes?

Systematic Review and Technology Assessment Findings

The Maeso SR (2010) included one RCT and three cohort studies comparing robotic and
laparoscopic cholecystectomy (N=511). A meta-analysis was performed and reported longer
surgical times in the robotic group (MD 16.96 min, 95% CI 7.95 to 25.96) but shorter LOS (MD
-0.73 days, 95% CI -1.43 to -0.03) compared to the laparoscopic group.

Subsequently Published Study Results

Two studies, both rated as poor quality, were included that compared robotic and laparoscopic
procedures (N=56). One study (Jayaraman 2009) was retrospective, with baseline
characteristics noted as dissimilar and statistical information not reported. There was longer
mean operating time in the robotic group (91 mins robotic vs. 48 mins laparoscopic, p<0.001).
No other clinically significant outcomes were reported.

Another study (Wren 2011) compared robotic to laparoscopic (historical cohort)
cholecystectomy groups. Baseline characteristics showed no statistically significant differences
in age, predominance of females, nor BMI. Presence of pre-operative inflammatory disease was
different between groups without statistical significance reported. Operative times between
groups reported no statistically significant differences.

Overall Summary and Limitations of the Evidence

The overall strength of evidence is low that robotic cholecystectomy was associated with longer
operative times, and reduced LOS when compared to the laparoscopic procedure. The quality
ratings of the studies, which were observational in design, varied. The choice of patient
participation in the treatment arms was subject to selection bias.

KQ2: For robotic assisted surgery, what is the evidence of the severity and
incidence of safety or adverse event concerns compared with open or
laparoscopic approaches?

Systematic Review and Technology Assessment Findings
Maeso (2010) performed a meta-analysis using data from the four identified studies. The meta-
analysis suggested that the robotic group had increased odds of complications compared to the
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laparoscopic group, but this difference was not significant (OR 2.15, 95% Cl 0.64 to 7.25). The
nature of the reported complications was not specified.

Subsequently Published Study Results
No studies were identified which addressed this key question.

Overall Summary and Limitations of the Evidence
The overall strength of evidence is low that robotic cholecystectomy and laparoscopic
cholecystectomy had similar complication rates.

KQ3: What is the evidence that robotic assisted surgery has differential efficacy
or safety issues in sub populations?

Systematic Review and Technology Assessment Findings

The Maeso SR (2010) included two studies that reported on learning curve findings. However,
the two studies reported mixed results. One study showed shorter operative times in the
second half of their series whereas another study showed no such effect of the chronologic
case number.

Subsequently Published Study Results

One of the studies (Jayaraman 2009) discussed staffing requirements for robotic surgery.
Jayaraman (2009) noted a limitation with this modality, in that the presence of a second
experienced surgeon at the bedside is needed to exchange the robotic instruments, retract for
exposure, and assist with the procedure.

Overall Summary and Limitations of the Evidence

Findings are mixed as to the differential efficacy of robotic-assisted cholecystectomy surgery
based on provider experience. As such, the overall strength of evidence on the impact of
surgeon experience is very low.

KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery
compared with open or laparoscopic approaches?

Systematic Review and Technology Assessment Findings

The Maeso SR (2010) performed a meta-analysis that reported increased costs for robotic
surgery compared to laparoscopic surgery (MD $1,692, 95% Cl $1,139 to $2,245). However, the
costs were described as “procedure costs” without further definition or description.

Subsequently Published Study Results
No studies were identified which addressed this key question.

Overall Summary and Limitations of the Evidence
Low strength of evidence suggests that robotic surgery was associated with increased costs
when compared to laparoscopic surgery.
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Colorectal Surgery (Colorectal Resection, Colectomy,
Mesorectal Excision)

One SR (Maeso 2010) and seven subsequently identified studies were identified that compared
robotic-assisted colorectal procedures to laparoscopic and open procedures.

KQ1l: What is the evidence of the clinical efficacy and effectiveness of robotic
assisted surgery compared with open or laparoscopic approaches not
using robotic assistance? Does robotic assisted surgery improve patient
outcomes?

Systematic Review and Technology Assessment Findings

The Maeso SR (2010) identified seven controlled, nonrandomized studies that compared
robotic-assisted and laparoscopic approaches for colorectal resection in the treatment of
benign and malignant disease (N=532). All of the studies were rated as good quality. Sample
sizes ranged from 12 to 211, with follow-up times not specified for individual studies.
Interventions varied as to what portions of the colon were removed, from the right colon to
mesorectal resections for treatment of rectal cancer. The underlying diseases also differed and
ranged from diverticular disease and polyps, to adenocarcinoma.

The Maeso SR performed a meta-analysis, which found that robotic surgery had significantly
longer surgical times (MD: 39.42 mins, 95% Cl 14.99, 63.84) but shorter LOS (MD: -0.26 days,
95% Cl -1.55, -1.02).

Other differences between robotic and laparoscopic procedures were reported, but these
differences were not statistically significant:

e Reduced blood loss among the robotic group (MD 7.04mL, 95% Cl -22.73 to 8.66);

e Earlier bowel function recovery among the robotic group (MD: 0.11 days, 95% Cl -0.46
to 0.23); and

e Reduced time to resume oral diet among the robotic group (MD -0.26 days, 95% CI -0.74
to 0.22).

Subsequently Published Study Results

Seven studies were subsequently identified which addressed this topic. One study was a RCT
and the remainders were retrospective and observational in design. All of these studies were
quality rated as poor.

The RCT study (Patriti 2009) of mesorectal dissection for rectal adenocarcinoma was
abandoned after the advantage of robotic surgery was noted, introducing selection bias.
Statistically significant differences at baseline were noted as the robotic group had more prior
surgery (18/29 vs. 11/37, p<0.01) and less distance of tumor from the anal verge (5.9 + 4.2 cm
vs. 11.0 + 4.5 cm, p<0.01). Outcomes were statistically similar between groups in terms of
operating time, blood loss, and LOS.
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The study by Park (2011a) compared robotic, laparoscopic and open total mesorectal excision
for rectal cancer (n=263). Baseline characteristics were similar among groups, except that the
robotic group tended to have tumors that were extraperitoneal vs. intraperitoneal in location
(p=0.077). Tumors were all of similar stage and proximity to the anal verge. No follow-up period
was reported. Park (2011a) reported that the laparoscopic group had significantly shorter
operating times than the robotic and open groups (232.6 + 52.4 mins robotic; 158.1 £ 49.2 mins
laparoscopic; 233.8 £ 59.2 mins open; p<0.001). The study also reports that the laparoscopic
procedure had significantly shorter LOS than the open procedure, but does not indicate
whether the difference between the robotic and open groups was statistically significant (10.4 +
4.7 days robotic; 9.8 + 3.8 days laparoscopic; 12.8 + 7.1 days open; p<0.001). No cases
converted to open surgery.

A study by Baek (2010) was case-matched (matching based on gender, age, BMI, and type of
procedure) comparing robotic and laparoscopic mesorectal excision for rectal cancer (n=82).
Differences at baseline were noted in both prior abdominal surgery (24.4% vs. 43.9%, p=0.06)
and previous chemo/radiation therapy (80.5% vs. 43.9%, p=0.001) between respective groups.
Surgical outcomes were not statistically different between groups for operative times, blood
loss, LOS, or conversions to open surgery.

Another small study (Bianchi 2010) compared robotic to laparoscopic mesorectal excision for
rectal cancer (n=50) and followed patients for 10 months. Assignment to treatment groups was
based on the availability of the robot. No significant differences were noted between groups at
baseline for age, gender distribution, or prior chemo/radiation therapy. The robotic group had
lower baseline mean BMI (24.6 kg/m? vs. 26.5 kg/m?, p=0.06). Surgical outcomes were not
statistically different between groups for operative times, LOS, ileostomy required, or
conversions to open surgery.

An additional study by Park (2010b) compared robotic to laparoscopic mesorectal excision for
rectal cancer (N=123) with no follow-up period reported. Baseline matching between groups
showed no significant differences in age, BMI, previous chemo/radiation therapy, previous
abdominal surgery, or tumor stage. Surgical outcomes noted shorter operative times in the
laparoscopic group (231.9 + 61.4 mins vs. 168.6 + 49.3 mins, p<0.001), but no statistically
significant differences between groups in LOS, or conversions to open procedures.

The study by de Souza (2010) compared robotic and laparoscopic hemicolectomy for treatment
of cancer or Crohn’s disease (N=175). Significant differences favoring the robotic groups were
noted in baseline disease status. No follow-up period was reported. Significant differences
favoring the robotic group were noted in operative times (mins) (158.9 + 36.7 vs. 118.1 + 381,
p<0.001). No significant differences between treatment groups were noted in LOS, EBL, or in
conversions to open procedures.

Overall Summary and Limitations of the Evidence
There is moderate strength of evidence that robotic surgery was associated with lower EBL,
shorter LOS, similar time to bowel function recovery, and similar time to oral diet when
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compared to laparoscopic procedures. The preponderance of evidence suggests that robotic
surgery was associated with longer operative times than open or laparoscopic procedures, but
the mixed findings reported result in an overall low strength of evidence. There was significant
heterogeneity across these studies in terms of baseline differences between groups, and the
indications for intervention. Additionally, the observational design of most studies increases the
risk of selection bias in favor of the robotic group.

KQ2: For robotic assisted surgery, what is the evidence of the severity and
incidence of safety or adverse event concerns compared with open or
laparoscopic approaches?

Systematic Review and Technology Assessment Findings

The Maeso SR (2010) performed a meta-analysis using data from the identified studies, and
reported that the odds of complications between the robotic and laparoscopic groups were not
statistically significantly different (OR 0.99, 95% Cl 0.59 to 1.65). The specific complications
were not reported.

Subsequently Published Study Results

The subsequent studies reported no statistically significantly differences in complication rates
between robotic and laparoscopic groups. Most studies reported only aggregate rates without
detailing specific complications.

Overall Summary and Limitations of the Evidence
The overall strength of evidence is low that robotic surgery compared to laparoscopic surgery
was not significantly different in complication rates.

KQ3: What is the evidence that robotic assisted surgery has differential efficacy
or safety issues in sub populations?

Systematic Review and Technology Assessment Findings

The Maeso SR (2010) identified two studies that reported information regarding learning curve
findings. One study reported that surgery time was reduced from “more than 300 minutes to
200 minutes” after their initial 17 robotic-assisted surgery patients. Another study noted
“significant differences”, details not specified, in surgery times between the first and last 25
cases in their series.

Subsequently Published Study Results

One of the studies (Park 2010a) reported a post-hoc analysis of the robotic learning curve as
reflected in the procedure operative time. This outcome decreased continuously with mean
operating time reaching a plateau after 30 cases. In another study by Park (2010b), the changes
in operating time for robotic resection in low rectal cancer was observed after 22 of 41 patients
had undergone the procedure.

In the discussion section in one study (de Souza 2010) the authors commented on the relative
increased technical challenges with rectal resections compared to right hemicolectomy
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procedures, in either robotic or laparoscopic surgeries. They suggested, therefore, that it would
be more appropriate to attempt a robotic-assisted rectal resection in the latter half of the
learning curve, after gaining sufficient experience with robotic assistance in less challenging
procedures. Furthermore, a right hemicolectomy is a relatively short procedure, can be
performed with just two robotic arms, and is easily converted to the laparoscopic or open
approach should the need arise. This makes it ideally suited for the colorectal surgeon at the
beginning of the learning curve.

Overall Summary and Limitations of the Evidence
There is low strength of evidence that surgeon experience influenced operative time outcomes
between laparoscopic and robotic surgery.

KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery
compared with open or laparoscopic approaches?

Systematic Review and Technology Assessment Findings

The Maeso SR (2010) performed a meta-analysis and reported that the laparoscopic group had
lower procedure costs than the robotic group (MD $792, 95% Cl $42 to $1543). The costs
included in “procedure costs” were not further defined.

Subsequently Published Study Results

One study (Baek 2010) reported “total hospital costs” comparing robotic to laparoscopic
mesorectal resection as: ($83,915; $62,601) (NS). No detail was provided regarding cost
calculations.

In another study (de Souza 2010), the median cost comparisons between the robotic and
laparoscopic groups were all higher in the robotic-assisted group for right hemicolectomy:

e Direct costs (59303 vs. 7449, p=0.004);

e Indirect costs (56218 vs. 5103, p=0.003); and

e Total costs (515, 192 vs. $12,361, p=0.003).
Overall Summary and Limitations of the Evidence
The overall strength of evidence is low that higher costs, both direct and indirect, were
associated with robotic compared to laparoscopic colon resection procedures. The cost data in

these studies was presented without supporting detail and conclusions drawn from these
figures are speculative.

Cystectomy

One SR and five subsequently published studies were identified that compared robotic-assisted
cystectomy to open or laparoscopic procedures.
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KQ1l: What is the evidence of the clinical efficacy and effectiveness of robotic
assisted surgery compared with open or laparoscopic approaches not
using robotic assistance? Does robotic assisted surgery improve patient
outcomes?

Systematic Review and Technology Assessment Findings

The Thavaneswaran SR (2009) identified four studies that compared radical cystectomy by
robotic-assistance to either open surgery (Guru 2007; Sterrett 2007; Wang 2007) or
laparoscopy (Abraham 2007). Indications for these interventions were muscle-invasive bladder
cancer requiring the removal of the bladder. All were prospective, non-randomized
comparative studies. Baseline characteristics were generally well-matched for age, gender, BMI,
ASA score, and clinical stage. Sample sizes were less than 100 in each treatment group.
Reported outcomes were typically perioperative outcomes, and length of follow-up was not
described.

The Thavaneswaran review (2009) did not perform a meta-analysis. Results of the studies
identified by Thavaneswaran (2009) reported that operative time in the robotic group was
significantly longer than in the open group in one study (606mL robotic vs. 396mL open, p<0.05,
Sterrett 2007), but statistically similar in the other two (Guru 2007; Wang 2007). One study
reported no difference in operative time between robotic cystectomy and laparoscopic
cystectomy (Abraham 2007).

The robotic procedure was reported as resulting in significantly less blood loss when compared
to both the open procedure (Sterrett 2007; Wang 2007) and the laparoscopic procedure
(Abraham 2007). The third study (Guru 2007) comparing robotic and open procedures did not
report on this outcome.

Length of stay among those undergoing the robotic procedure was consistently reported as
shorter than those undergoing open surgery (Sterrett 2007; Wang 2007). Compared to
laparoscopic surgery, the robotic procedure was not reported as resulting in any significant
benefit in terms of LOS (Abraham 2007).

In terms of transfusion rates, the robotic surgery compared favorably to the laparoscopic
procedure (42.8% robotic vs. 70% laparoscopic, p=0.0011) (Abraham 2007), but was not
significantly different from the open procedure in the sole study reporting on this outcome
(Sterrett 2007).

The only study comparing laparoscopic cystectomy to robotic cystectomy reported a difference
in the incidence of conversion to open surgery, but did not report the statistical significance of
this difference (0% robotic vs. 15% laparoscopic, p-value not reported) (Abraham 2007). Two
studies comparing robotic cystectomy to open cystectomy reported incidence of conversion to
open in the robotic group of 3% (Wang 2007) and 6.3% (Guru 2007).

The incidence of positive surgical margins was higher in the robotic group than in the
laparoscopic group in one study, but statistical significance of this difference was not reported
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(7.1% robotic vs. 0% laparascopic, p-value not reported) (Abraham 2007). Only one study
comparing to open surgery reported on positive surgical margins, which found non-significant
differences (Wang 2007).

Subsequently Published Study Results

Five studies were identified all of which compared robotic-assisted cystectomy to open
cystectomy for treatment of bladder cancer (Nepple 2011; Ng 2009; Nix 2009; Richards 2010;
Sung 2011). Two studies were rated as good quality and three as fair quality. One study was a
RCT, the other two were prospective or retrospective cohort studies. Baseline characteristics
were well described without significantly different group differences in any of the studies. The
results of the most commonly reported outcomes are presently below.

Four of the five identified studies reported significantly longer operative duration among those
undergoing robotic cystectomy when compared to those undergoing open cystectomy (410m
robotic vs. 345m open; p<0.01 [Nepple 2011]; 4.20h robotic vs. 3.52 open, p<0.01 [Nix 2009];
530m robotic vs. 420m open, p<0.001 [Richards 2010]; 578m robotic vs. 501m open, p=0.008
[Sung 2011]). Ng (2009) also reported longer operative duration in the robotic group, but the
difference was not statistically significant.

Of the four studies reporting EBL as an outcome, all reported significantly less blood loss in the
robotic group (460 mL robotic vs. 1172 mL open, p<0.01 [Ng 2009]; 258 mL robotic vs. 575 mL
open, p<0.01 [Nix 2009]; 350 mL robotic vs. 1000 mL open, p<0.001 [Richards 2010]; 448 mL
robotic vs. 1063 mL open, p<0.001 [Sung 2011]). Two studies reported significantly shorter LOS
(5.5 d robotic vs. 8.0 d open, p<0.01 [Ng 2009]; 7 d robotic vs. 8 d open, p=0.014 [Richards
2010]), while three others reported statistically similar LOS between groups (Nepple 2011; Nix
2009; Sung 2011). Of the three studies reporting incidence of transfusion, all identified
significantly lower transfusion rates in the robotic group than in the open group (Ng 2009;
Richards 2010; Sung 2011).

Positive margins were not significantly different between treatment groups across four of the
studies (Nepple 2011; Ng 2009; Nix 2009; Richards 2010), but this was not a reported outcome
in fifth study (Sung 2011).

Overall Summary and Limitations of the Evidence

The overall strength of evidence is moderate that robotic surgery compared to open radical
cystectomy was associated with decreased blood loss. There is moderate strength of evidence
that robotic surgery compared to open radical cystectomy results in increased operative times
and decreased LOS. There is very low strength of evidence to show that robotic compared to
laparoscopic radical cystectomy is associated with similar operative times, similar LOS,
decreased blood loss, and decreased transfusion rate. The study designs were observational
and mostly retrospective in nature which can induce selection bias.
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KQ2: For robotic assisted surgery, what is the evidence of the severity and
incidence of safety or adverse event concerns compared with open or
laparoscopic approaches?

Systematic Review and Technology Assessment Findings

The Thavaneswaran SR (2009) reported that the incidence of complications was not
significantly different between robotic and open groups (Sterrett 2007; Wang 2007) or the
robotic and laparoscopic group (Abraham 2007). In general, the complications were not
specified in the SR except to mention the most common complication following either surgery
procedure was prolonged ileus.

Subsequently Published Study Results

Three of the individual studies (Ng 2009; Nix 2009; Richards 2010) did not detail complications
except to indicate that there were no statistically significant differences between the robotic
and open treatment groups. The study by Nepple (2011) performed survival analysis of robotic
and open cystectomy outcomes and reported them as similar with respect to recurrence-free,
disease-specific, and overall survival (all log-rank p values > 0.05). Kaplan-Meier estimates for 2-
year outcomes are reported however median patient follow-up was 12.2 months. One study
(Sung 2011) analyzed the rates of complication in the robotic and open surgery groups using
the Clavien reporting system and noted no significant difference (NS).

Overall Summary and Limitations of the Evidence

There is moderate strength of evidence that there were no significant differences in
complication rates between open and robotic surgery. There was very low strength of evidence
that complication rates were the same for laparoscopic versus robotic surgery.

KQ3: What is the evidence that robotic assisted surgery has differential efficacy
or safety issues in sub populations?

Systematic Review and Technology Assessment Findings
The Thavaneswaran SR (2009) did not address this key question.

Subsequently Published Study Results
No studies were identified which addressed this key question.

Overall Summary and Limitations of the Evidence
There is no evidence to address this key question.

KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery
compared with open or laparoscopic approaches?

Systematic Review and Technology Assessment Findings
The Thavaneswaran SR (2009) did not address this key question.
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Subsequently Published Study Results

One good quality economic review (Lee 2011) included three costs studies which addressed this
key question. Comparisons were made between robotic-assisted and open cystectomy using
actual and modeled cost data. All studies included two-way sensitivity analyses in order to
evaluate the impact of altering both the LOS and operative duration or the case volume. The
clinical outcomes which were the largest cost drivers cited were LOS, operative duration, and
daily hospitalization costs. The three methods by which urinary diversion is typically achieved
have significant cost consequences, particularly due to their associated complications. When
patients undergo ileal conduit diversion, then the cost-efficiency of robotic-assisted surgery is
most pronounced. In the largest study comparison (n=186), although the overall rate of
complications was similar, the cost impact of complications was significantly lower for robotic
vs. open cystectomy ileal conduits (51624 vs. $7202, p < 0.001).

All of these cost studies discuss the cost of potential procedure complications, which has not
been shown to be different between robotic and open cystectomy. The assumptions are made
that lower complication rates would follow with robotic surgery and therefore would have a
positive impact on cost savings. This is highly speculative and a significant limitation of this
analysis. The various urinary diversion strategies do have different complication rates but that
does not directly affect the cystectomy procedure comparison.

Overall Summary and Limitations of the Evidence

This economic review presented a model which indicates that urinary diversion choices can
influence costs by changing the incidence of associated complications, which are expensive.
This is contrary to the clinical effectiveness evidence which shows that robotic surgery
compares well with other techniques in terms of complications. Therefore, the assumptions of
this study are speculative, as are their conclusions. The overall strength of evidence for all
economic outcomes related to robotic and open cystectomy is low.

Esophagectomy

One SR (Clark 2010) was identified that searched for clinical evidence on robotic
esophagectomy. However, the Clark SR (2010) did not identify any comparative studies.

KQ1l: What is the evidence of the clinical efficacy and effectiveness of robotic
assisted surgery compared with open or laparoscopic approaches not
using robotic assistance? Does robotic assisted surgery improve patient
outcomes?

Systematic Review and Technology Assessment Findings

One good quality SR (Clark 2010) was identified that addressed robotic esophagectomy. The
Clark SR (2010) identified nine studies, eight of which reported on unique patients (N=130).
Although the SR searched for both comparative and non-comparative studies, the only studies
identified were non-comparative case series studies. The Clark SR (2010) does not provide
comparative evidence between robotic esophagectomy and other surgical approaches because
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none of the eight studies included comparators. Thus, this SR does not provide evidence to help
answer this key question. Details of the perioperative outcomes of robotic esophagectomy are
available in Appendix D, but are not included here given the lack of comparator group.

Subsequently Published Studies (April 2010 to 2012)
No additional studies were identified.

Overall Summary and Limitations of the Evidence
No evidence was identified to address this key question.

KQ2: For robotic assisted surgery, what is the evidence of the severity and
incidence of safety or adverse event concerns compared with open or
laparoscopic approaches?

Systematic Review and Technology Assessment Findings

The Clark SR (2010) does not address the comparative severity or incidence of harms resulting
from robotic esophagectomy relative to other surgical approaches. The harms data described in
the Clark SR are available in Appendix D, but are not included here because there is not a basis
for comparison.

Subsequently Published Studies (April 2010 to 2012)
No additional studies were identified.

Overall Summary and Limitations of the Evidence
No evidence was identified to address this key question.

KQ3: What is the evidence that robotic assisted surgery has differential efficacy
or safety issues in sub populations?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)
No studies were identified.

Overall Summary and Limitations of the Evidence
There is no evidence on differential efficacy or safety across sub-groups for robotic,
laparoscopic, or open esophagectomy.

KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery
compared with open or laparoscopic approaches?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)
No studies were identified that addressed this key question.
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Overall Summary and Limitations of the Evidence
There is no evidence on the cost or cost-effectiveness of robotic surgery compared to open or
endoscopic approaches.

Fallopian tube reanastomosis

One SR (Reza 2010) was identified that compared robotic-assisted fallopian tube reanastomosis
to the open procedure.

KQ1l: What is the evidence of the clinical efficacy and effectiveness of robotic
assisted surgery compared with open or laparoscopic approaches not
using robotic assistance? Does robotic assisted surgery improve patient
outcomes?

Systematic Review and Technology Assessment Findings

Reza (2010) identified two cohort studies that compared robotic fallopian tube reanastomosis
to open fallopian tube reanastomosis (Dharia Patel 2008; Rodgers 2007). Both studies were
prospective, although Dharia Patel (2008) used retrospective controls. Reza (2010) did not
provide specific quality ratings, but did assess the quality of the studies, finding that both had
adequate follow-up, clear objectives, and comparable treatment groups.

The Reza SR (2010) performed a meta-analysis, which found that the robotic group had shorter
time to return to work (WMD -15.97 days, 95% Cl: -19.55 to -12.38), but longer surgical
duration (WMD 46.85 min, 95% Cl: 34.6 to 59.04) than the open group. The meta-analysis also
assessed LOS, pregnancy rate, miscarriage rate, ectopoic pregnancy rate, and EBL, but found no
statistically significant differences between groups.

Subsequently Published Studies (October 2009 to 2012)
No additional studies were identified.

Overall Summary and Limitations of the Evidence

Low strength evidence indicates that robotic and open fallopian tube reanastomosis produced
similar outcomes in terms of LOS, pregnancy rate, miscarriage rate, ectopic pregnancy rate,
intrauterine pregnancy rate, and EBL (Reza 2010). Low strength of evidence suggests that
surgical duration was longer with robotic surgery, but women were able to return to work
approximately two weeks sooner, on average (Reza 2010). Observational study designs and
small sample size limited these findings.

KQ2: For robotic assisted surgery, what is the evidence of the severity and
incidence of safety or adverse event concerns compared with open or
laparoscopic approaches?
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Systematic Review and Technology Assessment Findings

Reza reports that the odds of complications were statistically similar between those undergoing
robotic tubal reanastomosis and those undergoing open tubal reanastomosis (OR 0.41, 95% Cl:
0.08 to 2.06).

Subsequently Published Studies (October 2009 to 2012)
No additional studies were identified.

Overall Summary and Limitations of the Evidence

There is low strength of the evidence that there were no significant differences in
complications arising from robotic and open fallopian tube reanastomosis. Observational study
designs and small sample size limited these findings.

KQ3: What is the evidence that robotic assisted surgery has differential efficacy
or safety issues in sub populations?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Subsequently Published Studies (October 2009 to 2012)
None of the subsequently published studies addressed this key question.

Overall Summary and Limitations of the Evidence
There is no evidence on differential efficacy or safety issues across sub-groups for robotic or
open tubal reanastomosis.

KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery
compared with open or laparoscopic approaches?

Systematic Review and Technology Assessment Findings

Both of the studies (Dharia Patel 2008; Rodgers 2007) identified by the Reza SR (2010)
compared costs of robotic tubal reanastomosis to open surgery. In the Rodgers study (2007),
robotic surgery was associated with additional costs of $1,446, while Dharia Patel (2008)
reported a $2,000 increase in costs for the robotic procedure, plus an additional $300 per
newborn. The methods and figures used to calculate these costs were not described.

Individual Study Search Results (January 2002 to 2012)
No additional studies were identified.

Overall Summary and Limitations of the Evidence

There is low strength of evidence that robotic surgery was associated with higher costs than
open surgery for tubal reanastomosis. These findings were largely limited by the failure to
report how these costs were calculated, but also by the limitations of the underlying evidence
presumably used to inform the calculations.
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Fundoplication

One SR (Maeso 2010) was identified that compared robotic-assisted fundoplication to open
fundoplication.

KQ1l: What is the evidence of the clinical efficacy and effectiveness of robotic
assisted surgery compared with open or laparoscopic approaches not
using robotic assistance? Does robotic assisted surgery improve patient
outcomes?

Systematic Review and Technology Assessment Findings

The Maeso SR (2010) identified four RCTs and five controlled, non-randomized studies that
compared robotic-assisted and open approaches for fundoplication for the treatment
gastroesophageal reflux (N=398). Study quality was noted as lacking for baseline group
comparison data in several studies. Sample sizes ranged from 20 to 80, with follow-up times not
specified for individual studies. Seven of these reports involved Nissen fundoplication and two
involved Dor fundoplication. The Maeso review performed a meta-analysis that found the
following non-significant differences between robotic and laparoscopic groups:

e Longer surgery time in the robotic group (20.67 mins, 95% Cl -9.69 to 51.02, NS); and
e Reduced LOS in the robotic group (-0.08 days, 95% Cl -0.41 to 0.25, NS).

Subsequently Published Study Results
No subsequent studies addressed this key question.

Overall Summary and Limitations of the Evidence
There is moderate overall strength of evidence that LOS and operative time were similar
between robotic and laparoscopic fundoplication.

KQ2: For robotic assisted surgery, what is the evidence of the severity and
incidence of safety or adverse event concerns compared with open or
laparoscopic approaches?

Systematic Review and Technology Assessment Findings

The Maeso SR (2010) performed a meta-analysis, which found non-significant differences in risk
of complications between robotic and laparoscopic fundoplication (RD -0.02, 95% Cl - 0.12 to
0.08). The types of complications reported were not described.

Subsequently Published Study Results
No studies were identified which addressed this key question.

Overall Summary and Limitations of the Evidence
There is moderate overall strength of evidence that complications were similar between robotic
and laparoscopic fundoplication.
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KQ3: What is the evidence that robotic assisted surgery has differential efficacy
or safety issues in sub populations?

Systematic Review and Technology Assessment Findings
The Maeso SR (2010) did not address this key question.

Subsequently Published Study Results
No studies were identified which addressed this key question.

Overall Summary and Limitations of the Evidence
There is no evidence to address this key question.

KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery
compared with open or laparoscopic approaches?

Systematic Review and Technology Assessment Findings

The Maeso SR (2010) performed a meta-analysis, which found non-significant differences in
costs between the robotic and laparoscopic groups (MD $1596, 95% Cl -$181 to $3374). The
costs described were “procedure costs,” that were not further defined.

Subsequently Published Study Results
No studies were identified which addressed this key question.

Overall Summary and Limitations of the Evidence
There is low strength of evidence suggesting that laparoscopic procedures had decreased costs
compared with robotic fundoplication.

Gastrectomy

One SR (Maeso 2010) and two subsequently published studies were identified that compared
robotic-assisted gastrectomy and laparoscopic gastrectomy.

KQ1l: What is the evidence of the clinical efficacy and effectiveness of robotic
assisted surgery compared with open or laparoscopic approaches not
using robotic assistance? Does robotic assisted surgery improve patient
outcomes?

Systematic Review and Technology Assessment Findings

Maeso (2010) identified two non-randomized controlled studies (N=87) that compared robotic
gastrectomy to laparoscopic gastrectomy for the treatment of gastric cancer (Song 2009, Kim
2010). In assessing the quality of these two studies, Maeso notes that there were significant
differences in the BMI of patients between groups in the Kim study, while there were
differences in the age and year of surgery in the Song study. However, the Maeso SR does not
address whether these differences may have favored one treatment over another. The findings
of the two identified studies were combined into a meta-analysis in the Maeso SR.
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The Clark SR (2010) identified an additional study (n=64) that compared robotic gastrectomy to
open gastrectomy (Guzman 2009). This small prospective cohort study was rated as D level
evidence by the Clark SR because of its small sample size, observational nature, and failure to
perform statistical testing.

The meta-analysis performed in the Maeso SR reports that robotic gastrectomy was associated
with significantly shorter LOS (MD -1.38 days, 95% Cl -1.84 to -0.93), faster bowel function
recovery (MD -0.21 days, 95% Cl -0.42 to -0.01), and longer surgical time (MD 37.60 min, 95%
Cl: 1.28 to 73.92) compared to the laparoscopic procedure. Differences in lymph node yield and
EBL were non-significant.

The Clark SR identified only one study, which reported greater mean blood loss (200 mL robotic
vs. 353 mL open), longer hospital stays (7 days robotic vs. 10 days open) and shorter operating
times (399 min robotic vs. 298 min open) in the open group compared to the robotic group, but
that did not perform a statistical analysis.

Subsequently Published Studies (April 2010 to 2012)

The MEDLINE® search identified two additional comparative studies addressing robotic
gastrectomy (Woo 2011, Eom 2012). One study was a large retrospective cohort study (n=827)
of poor quality because it lacked any follow-up and possessed baseline differences between
groups that would favor the robotic group (e.g., the robotic group was younger) (Woo 2011).
The other study (Eom 2012) was a small prospective cohort study (n=92) that was also rated as
poor quality, primarily because of its small sample size and younger robotic group.

Both Woo (2011) and Eom (2012) reported shorter surgical time in the laparoscopic group
compared to the robotic group. While Woo reported less EBL (91.6 + 152.6 mL robotic vs. 147.9
+ 269 mL laparoscopic, p=0.002, Woo 2011) and shorter LOS (7.7 £ 7.2 days robotic vs. 7 £ 5.7
days, p=0.004, Woo 2011) in the robotic group Eom reported that blood loss and LOS were
similar between groups (Eom 2012).

Eom (2012) reported additional outcomes that were statistically similar between groups,
including:

e Lymph node yield;

e Lymph node dissection time;

e Time to diet;

e WABC count; and

e C-reactive protein levels (Eom 2012).

Overall Summary and Limitations of the Evidence

The overall strength of evidence for all reported comparators and outcomes was low. Robotic
gastrectomy may have some benefits over laparoscopic procedures (e.g., faster time to bowel
function recovery) and open procedures (lower EBL). However, surgery time was consistently
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longer in robotic procedures compared to laparoscopic or open gastrectomy across all of the
identified evidence. Statistically non-significant or mixed findings were reported for other
outcomes, including EBL (robotic vs. laparoscopic), LOS, lymph node yield and dissection time,
time to diet, white blood cell count, and C-reactive protein levels. These findings are limited by
observational study design, potential selection bias from having younger individuals in the
robotic treatment arms, and insufficient follow-up..

KQ2: For robotic assisted surgery, what is the evidence of the severity and
incidence of safety or adverse event concerns compared with open or
laparoscopic approaches?

Systematic Review and Technology Assessment Findings

Studies identified within the Maeso SR and Clark SR report briefly on the incidence of
complications across surgical modalities. The meta-analysis performed in the Maeso SR reports
that there were no significant differences in the incidence of complications. The Clark SR
reports a lower incidence of complications in the robotic group, but statistical testing was not
performed to determine whether or not this difference was significant. The Clark SR included
one study that reported 30 day post-operative mortality (21 robotic and 91 open gastrectomy
surgeries). Mortality was high in the robotic group (9.1%) compared with the open group
(2.5%).

Subsequently Published Studies (October 2009 to 2012)
The two additional studies identified through the MEDLINE® search similarly reported no
significant differences in the incidence of complications.

Overall Summary and Limitations of the Evidence

The strength of the evidence on complications arising from robotic, laparoscopic and open
gastrectomy is low. However, the evidence suggests that the incidence of complications was
similar between surgical modalities.

KQ3: What is the evidence that robotic assisted surgery has differential efficacy
or safety issues in sub populations?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)
None of the subsequently published studies addressed this key question.

Overall Summary and Limitations of the Evidence
There is no evidence on differential efficacy or safety issues across sub-groups for robotic,
laparoscopic, or open gastrectomy.

KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery
compared with open or laparoscopic approaches?
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Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)

Eom (2012) reports that hospital costs were greater for robotic gastrectomy than for
laparoscopic gastrectomy ($11,402 vs. $6,071, p<0.001). However, the study does not disclose
what was included in these cost estimates.

Overall Summary and Limitations of the Evidence

There is low strength evidence that robotic gastrectomy was associated with higher hospital
costs than laparoscopic gastrectomy. These findings are substantially limited in their
generalizability, as the methods used to calculate these figures were not described.

Heller Myotomy

One SR (Maeso 2010) included three non-randomized studies which compared robotic and
laparoscopic approaches for Heller myotomy to treat esophageal achalsia. The authors of the
SR did not report the quality assessment ratings of these studies.

KQ1l: What is the evidence of the clinical efficacy and effectiveness of robotic
assisted surgery compared with open or laparoscopic approaches not
using robotic assistance? Does robotic assisted surgery improve patient
outcomes?

Systematic Review and Technology Assessment Findings

Maeso (2010) identified three non-randomized controlled studies (N=252) that compared
robotic to laparoscopic Heller myotomy for the treatment of esophageal achalasia. In assessing
the quality of these studies, Maeso notes that there were significant baseline differences in the
weight loss of patients between groups. The SR does not address whether these differences
may have favored one treatment over another.

The findings of the three identified studies were combined into a meta-analysis in the Maeso
SR. Operative time was found to be not statistically significantly different between groups (MD
38.01, 95% Cl -8.79 to 84.81).

Other outcomes were reported in narrative from the individual studies, but statistical analyses
were not provided. These included differences in LOS that favored the laparoscopic group,
ranging from 0 to 0.72 days, and inconsistent differences in EBL. Additionally, one study
reported significant postoperative difference in the pressure exerted by the inferior esophageal
sphincter in favor of the robotic group.

Subsequently Published Study Results
No subsequent studies addressed this key question.
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Overall Summary and Limitations of the Evidence

The strength of evidence is low for no significant difference in operative duration between
intervention groups. Limitations of these studies include small sample sizes and differences in
outcomes reported.

KQ2: For robotic assisted surgery, what is the evidence of the severity and
incidence of safety or adverse event concerns compared with open or
laparoscopic approaches?

Systematic Review and Technology Assessment Findings

The meta-analysis performed in Maeso (2010) reported significantly reduced odds of
esophageal perforations among those undergoing robotic surgery when compared to those
undergoing laparoscopic Heller myotomy (OR 0.11, 95% CI 0.02 to 0.56).

Subsequently Published Study Results
No subsequent studies addressed this key question.

Overall Summary and Limitations of the Evidence
The strength of evidence is low for reduced incidence of esophageal perforations during robotic
compared to laparoscopic procedures.

KQ3: What is the evidence that robotic assisted surgery has differential efficacy
or safety issues in sub populations?

Systematic Review and Technology Assessment Findings

The Maeso SR (2010) identified one study (Horgan 2005) that addressed the learning curve for
robotic Heller myotomy compared to conventional laparoscopic Heller myotomy. Maeso briefly
reported that Horgan (2005) found no statistically significant differences in the learning curve
for the robotic procedure compared to the laparoscopic procedure (108 minutes robotic vs. 104
minutes laparoscopic, NS).

Subsequently Published Study Results
No subsequent studies addressed this key question.

Overall Summary and Limitations of the Evidence
There is low overall strength of evidence that robotic and laparoscopic Heller myotomy
procedures have no statistically significant differences in terms of surgeon learning curve.

KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery
compared with open or laparoscopic approaches?

Systematic Review and Technology Assessment Findings
The Maeso SR (2010) did not address this key question.

Subsequently Published Study Results
No subsequent studies addressed this key question.
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Overall Summary and Limitations of the Evidence
No evidence was identified to address this key question.

Ileovesicostomy

One study was identified that compared robotic and open ileovesicostomy procedures.

KQ1l: What is the evidence of the clinical efficacy and effectiveness of robotic
assisted surgery compared with open or laparoscopic approaches not
using robotic assistance? Does robotic assisted surgery improve patient
outcomes?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)

A single, good quality, retrospective study was identified (Vanni 2011) which addresses this key
guestion. In this small (N=15) comparative study, robotic and open ileovesicostomy techniques
for the treatment of adult, neurogenic bladder patients, were evaluated for surgical and cost
outcomes. The baseline characteristics were well described without statistically significant
differences between groups. Surgical outcomes favored the robotic surgery group but were not
statistically significant:

e Increased operating time (330 mins (range 240-420) vs. 293 mins (range 240-360), NS);
e Decreased blood loss (100 mL (range 10-250) vs. 257 mL (range 100-800), NS); and
e Shorter LOS (8 days vs. 11 days, NS).

Overall Summary and Limitations of the Evidence
There is limited evidence from a single small study to address this question and the overall
strength of evidence is very low that there are no significant differences in operative outcomes.

KQ2: For robotic assisted surgery, what is the evidence of the severity and
incidence of safety or adverse event concerns compared with open or
laparoscopic approaches?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)

No statistically significant difference between intervention groups were noted in this single
study (Vanni 2011) regarding continence, chronic UTls, and complications. No patients in either
group developed postoperative hydronephrosis.
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Overall Summary and Limitations of the Evidence

There is limited evidence from a single small study to address this question although no
significant differences were found. The overall strength of evidence is very low for all reported
outcomes.

KQ3: What is the evidence that robotic assisted surgery has differential efficacy
or safety issues in sub populations?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)
The (Vanni 2011) study did not address sub-populations.

Overall Summary and Limitations of the Evidence
There is no evidence to address this question.

KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery
compared with open or laparoscopic approaches?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)
The single study (Vanni 2011) reported cost outcomes between robotic and open treatment
groups:

e Total hospital costs: $17,344 vs. $12,356; (p=0.05); and
e Operating room supplies cost: $3770 vs. $609; (p<0.001).

Costs for OR fees, room and board, anesthesia, and SICU were similar (included direct fixed and
variable costs from hospital billing department). Professional fees and robotic maintenance
fees (5200,000/year spread across 300 cases), but not purchase price, were included. Post
discharge costs were excluded.

Overall Summary and Limitations of the Evidence

Robotic and open ileovesicostomy had similar surgical outcomes in this comparative cohort
study. Total inpatient costs were significantly higher in the robotic group, primarily due to the
higher operating room supply costs. This single study was limited by both small sample size and
observational design and the overall strength of evidence is very low on economic outcomes.

Liver resection

One small, retrospective cohort study (n=32) addressing robotic liver resection for removal of
liver tumors was identified.
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KQ1l: What is the evidence of the clinical efficacy and effectiveness of robotic
assisted surgery compared with open or laparoscopic approaches not
using robotic assistance? Does robotic assisted surgery improve patient
outcomes?

Systematic Review and Technology Assessment Findings
No SRs or TAs were identified that address this key question.

Individual Study Search Results (2002 to 2012)

The MEDLINE® search identified one small, retrospective cohort study (n=32) addressing
robotic liver resection for removal of liver tumors (Berber 2010). The study was rated poor
quality because of its small sample, selective reporting of findings, and retrospective design.
Additionally, two authors disclosed that they were also consultants for the robot manufacturer.

The Berber (2010) study reported that robotic and laparoscopic liver resection yield similar
outcomes in terms of operating time, EBL, tumor recurrence, and overall disease-free survival.

Overall Summary and Limitations of the Evidence

Very low strength of evidence suggests that there were no significant differences between
surgical modalities for liver resection. However, these findings are limited by the poor quality of
the only study that evaluated these outcomes.

KQ2: For robotic assisted surgery, what is the evidence of the severity and
incidence of safety or adverse event concerns compared with open or
laparoscopic approaches?

Systematic Review and Technology Assessment Findings
No SRs or TAs were identified that address this key question.

Individual Study Search Results (2002 to 2012)

Berber (2010) reports that complication incidence was lower in the robotic group than in the
laparoscopic group (11% vs. 17%), but did not report whether this difference was statistically
significant. Additionally, the incidence of conversion to open was higher in the robotic group,
but no statistical tests on the significance of this finding were reported.

Overall Summary and Limitations of the Evidence

The strength of the evidence on complications arising from robotic and laparoscopic liver
resection is low. These findings are limited by the absence of statistical comparisons between
groups.

KQ3: What is the evidence that robotic assisted surgery has differential efficacy
or safety issues in sub populations?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.
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Individual Study Search Results (2002 to 2012)
No studies were identified that addressed this key question.

Overall Summary and Limitations of the Evidence
There is no evidence on differential efficacy or safety issues across sub-groups for robotic or
laparoscopic liver resection.

KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery
compared with open or laparoscopic approaches?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (2002 to 2012)
No studies were identified that addressed this key question.

Overall Summary and Limitations of the Evidence
There is no evidence on the relative cost of robotic liver resection compared to laparoscopic
liver resection.

Lung surgery
Two studies were identified that compared robotic-assisted lung procedures to open surgery.

KQ1l: What is the evidence of the clinical efficacy and effectiveness of robotic
assisted surgery compared with open or laparoscopic approaches not
using robotic assistance? Does robotic assisted surgery improve patient
outcomes?

Systematic Review and Technology Assessment Findings
No SRs or TAs were identified that addressed this key question.

Individual Study Search Results (2002 to 2012)

The MEDLINE® search identified two comparative studies addressing robotic lung surgery. One
study was a poor quality retrospective cohort study (n=36) that compared robotic
thoracoscopic resection to open sternotomy for the treatment of mediastinal tumors (Balduyck
2010). The Balduyck study was limited by its small sample size, limited patient characteristic
descriptions, and differences between treatment groups (e.g., patients receiving open
sternotomy had larger masses). The other study was a fair quality retrospective cohort study
(n=108) that compared robotic lobectomy to open lobectomy for the treatment of lung cancer
(Veronesi 2010). The Veronesi study (2010) used propensity-score matching to match patients
in the two treatment groups, and was limited primarily by its retrospective nature.

Compared to open lobectomy, the robotic procedure was associated with shorter LOS
(p=0.002), but longer operating times (p<0.001) and lower lymph node yield (p=0.04) (Veronesi
2010).
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Compared to open sternotomy, robotic thoracoscopic resection was associated with less pain
and higher QoL scores at three months post-op (p-values not reported), but statistically similar
operating times and LOS (Balduyck 2010).

Overall Summary and Limitations of the Evidence

The strength of evidence comparing robotic and open median sternotomy is low for all
reported outcomes. The robotic procedure may have had benefits over the open procedure,
including less post-operative pain and higher QoL scores (Balduyck 2010). Additionally, the
strength of evidence comparing robotic lobectomy to the open procedure is low for all
outcomes, but suggests that robotic lobectomy was associated with shorter LOS, longer
operating times, and lower lymph node yield than in the open surgical group (Veronesi 2010).

KQ2: For robotic assisted surgery, what is the evidence of the severity and
incidence of safety or adverse event concerns compared with open or
laparoscopic approaches?

Systematic Review and Technology Assessment Findings
No SRs or TAs were identified that address this key question.

Subsequently Published Studies (October 2009 to 2012)

Both Veronesi (2010) and Balduyck (2010) reported briefly on the safety and incidence of
adverse events in robotic lung surgery as compared to open procedures. Both studies indicate
that procedures are similar in terms of complication incidence, including need for transfusion
and mortality rate.

Overall Summary and Limitations of the Evidence

The strength of the evidence on complications arising from robotic and open lung surgery is
low, but consistently reports that the incidence of complications was similar between surgical
modalities.

KQ3: What is the evidence that robotic assisted surgery has differential efficacy
or safety issues in sub populations?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (2002 to 2012)

The Veronesi study (2010) performed a subanalysis on perioperative outcomes based on the
surgeon’s experience. Patients undergoing robotic procedures were stratified into those in the
early robotic group, mid-robotic group, and late robotic group to assess how the outcomes of
robotic surgery varied as the surgeon gained more experience. Veronesi reported that
operating time significantly decreased between the early robotic and late robotic groups, but
was still significantly longer than the open surgery group. While LOS between the early robotic
group and the open group were similar, the late robotic group had significantly shorter hospital
stays than the open group.
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Overall Summary and Limitations of the Evidence

There is low strength of evidence suggesting that robotic lobectomy had differential efficacy
depending on the surgeon’s level of experience. These findings are primarily limited by small
sample size and observational study design.

KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery
compared with open or laparoscopic approaches?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)
The Veronesi study (2010) briefly reports that robotic procedures cost € 2000 more than open
procedures, but no details were provided on how this estimate was calculated.

An additional cost study (Park 2008) was identified that reported that the total hospital costs of
robotic lobectomy were almost $4,000 lower than those of open lobectomy. However, the
study was rated as poor quality because it lacked several important methodological features.
Specifically, no sensitivity analysis was performed and no assumptions were stated.
Additionally, the patient characteristics from the underlying evidence were not described, and
the authors stated that most patients undergoing robotic procedures were also undergoing
concurrent procedures. However, it was difficult to ascertain whether or not the authors
somehow accounted for this in their cost analysis.

Overall Summary and Limitations of the Evidence

There is mixed evidence on the costs of robotic lung surgery relative to open lung surgery. Both
of the identified studies possess significant limitations that prohibit conclusions on this key
guestion. The strength of evidence on economic outcomes is low.

Myomectomy

One SR (Reza 2010) and three subsequently published studies were identified that compared
robotic, laparoscopic, and open myomectomy procedures.

KQ1l: What is the evidence of the clinical efficacy and effectiveness of robotic
assisted surgery compared with open or laparoscopic approaches not
using robotic assistance? Does robotic assisted surgery improve patient
outcomes?

Systematic Review and Technology Assessment Findings

Reza (2010) identified three prospective cohort studies (N=189), one of which used historical
controls, to compare robotic to laparoscopic, and to open surgery for the treatment of
leiomyomata. The good quality Reza review assessed the quality of the studies, noting that they
were not randomized or blinded, but had clear objectives and adequate follow-up. A meta-
analysis was performed including two studies that compared robotic and laparoscopic
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approaches, and reported significantly less EBL in the robotic group (WMD: -72.56mL, 95% ClI -
133.22 to -11.50) but similar operative times between modalities (WMD: 0.18 min, 95% Cl: -
54.42 to 54.79).

The remaining study compared robotic to open surgery and reported longer operative time (80
min longer, p<0.001), less EBL (170 mL less, p=0.011), and shorter LOS (2 days shorter, p=0.001)
in the robot group.

Subsequently Published Studies (October 2009 to 2012)

The MEDLINE® search identified three additional studies comparing robotic to either
laparoscopic and/or open myomectomy for the treatment of leiomyomata (Ascher 2010;
Barakat 2011; Nash 2011) that addressed this key question. Ascher (2010) and Barakat (2011)
were rated as poor, while Nash (2011) was rated as fair. The surgical outcomes of the Barakat
study were incompletely reported, without explanation, and are not presented here; no
conclusions could be drawn from these results.

Both Ascher (2010) and Nash (2011) found that the robotic procedure was associated with
longer operative times than the open procedure (192.3 m robotic vs. 138.6 m open, p=0.01,
Ascher 2010; 226.41 m robotic vs. 114.54 m open, p<0.0001, Nash 2011). While Ascher
reported less blood loss in the robotic group (26.3 mL robotic vs. 459 mL open, p=0.009, Ascher
2010), the Nash study found no significant difference between groups (2011). Additionally, both
studies reported significantly shorter LOS in the robotic group (0.51 d robotic vs. 3.3 d open,
p<0.01, Ascher 2010; 0.70 d robotic vs. 2.3 d open, p=0.001, Nash 2011).

Overall Summary and Limitations of the Evidence

Low strength of evidence indicates that robotic myomectomy was associated with lower blood
loss and shorter length of stay, compared to both open and laparoscopic groups, but longer
duration of surgery when compared to the open approach. Operative times were similar for
robotic compared with laparoscopic approaches. Despite methodological limitations of
retrospective design and relatively small samples, these results were consistent across studies.

KQ2: For robotic assisted surgery, what is the evidence of the severity and
incidence of safety or adverse event concerns compared with open or
laparoscopic approaches?

Systematic Review and Technology Assessment Findings
The Reza SR (2010) does not report findings on complications associated with robotic,
laparoscopic, or open myomectomy.

Subsequently Published Studies (October 2009 to 2012)

Ascher (2010) reports that operative and postoperative complications were “similar” between
the robotic group and the open surgery group. However, the Ascher study also reports
significantly decreased incidence of post-operative fever in the robotic group (1.3% vs. 38%;
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p<0.001). Nash (2011) also reported no statistically significant difference in proportion of
complications between two comparison groups.

Overall Summary and Limitations of the Evidence

The strength of the evidence regarding similar complications arising from robotic, laparoscopic
and open myomectomy is low. Although the Ascher study reported similar rates of
complications between groups, the study also cited lower febrile morbidity in the robotic group
(2010). However, differences in post-operative monitoring may account for this finding, as the
robotic group self-reported fever.

KQ3: What is the evidence that robotic assisted surgery has differential efficacy
or safety issues in sub populations?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Subsequently Published Studies (October 2009 to 2012)
None of the subsequently published studies addressed this key question.

Overall Summary and Limitations of the Evidence
There is no evidence on differential efficacy or safety issues across sub-groups for robotic,
laparoscopic, or open myomectomy.

KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery
compared with open or laparoscopic approaches?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)

Two studies were identified that addressed the cost issue (Advincula 2007; Behera 2011).
One cost analysis was identified that compared robotic to open myomectomy (Advincula 2007).
The operative outcomes reported in this study were included in the Reza SR, but Reza (2010)
did not report on Advincula’s cost analysis. Overall, the cost-analysis was rated as fair quality
and was primarily from a U.S. hospital perspective. Advincula reports that both charges
(professional and hospital) and reimbursement associated with robotic surgery were greater
than those of open surgery (536,031 vs. $18,065 and $15,444 vs. $8,857, respectively).
However, the difference in reimbursements was not statistically significant. The biggest single
difference was in a component of hospital charges, “operating department charges” (516,916
robotic vs. $2165 open); most other hospital charges were greater for open procedures. Five
year depreciation costs accounted for $10,569 of operating room costs for each robotic
procedure.
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An additional cost minimization study (Behera 2011) was reported for the comparison of
robotic, laparoscopic, and open myomectomy. Two scenarios were examined for direct hospital
costs only; one with an existing robot and the other requiring the purchase of the robot.

Robotic vs. laparoscopic vs. open surgery (direct costs)
Existing robot model ($7280; $6199; $4937)

e Open procedure remained the least expensive after sensitivity analysis, unless:

o Length of hospital stay for open surgery was greater than 4.3 days (laparoscopic
became least expensive); or

o Surgeon’s fee for open surgery was greater than $3473 (laparoscopic became
least expensive followed by robotic).

o Cost of robotic procedure consistently higher than laparoscopic

= Robotic only less expensive if disposable instrument costs were less than
$1400 and laparoscopic disposable costs remained $1151

Robot purchase model

e Robotic cost increased incrementally by $2814, $1939, and $1090 when purchase of
robot was amortized over 12, 18 and 32 months, respectively

Overall Summary and Limitations of the Evidence

There is low strength of evidence that robotic myomectomy was associated with higher total
hospital costs than both laparoscopic and open myomectomy. However, these findings are
limited by the clinical evidence that informed this economic analysis. In particular, the
underlying clinical outcomes were obtained by a retrospective study that did not perform any
follow-up of patients, which may greatly affect estimates of costs associated with
complications.

Oropharyngeal Surgery

One study was identified that compared robotic-assisted oropharyngeal surgery to open
surgery.

KQ1l: What is the evidence of the clinical efficacy and effectiveness of robotic
assisted surgery compared with open or laparoscopic approaches not
using robotic assistance? Does robotic assisted surgery improve patient
outcomes?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.
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Individual Study Search Results (January 2002 to 2012)

One retrospective cohort study (Dean 2010) compared robotic (n=7) and open (n=14) salvage
surgical resesections for recurrent oropharyngeal neoplasms. This study was rated as poor
quality as the comparison groups were from different epochs and baseline group differences
were not statistically analyzed. Many outcomes were presented in narrative fashion. Follow-up
time was six months.

Overall, the Dean study identified no significant differences in outcomes between robotic and
open groups. Although LOS was shorter (5.0 d robotic vs. 8.2 d open, NS) and dependence on a
gastrostomy tube was less prevalent in the robotic group (0% robotic vs. 43% open, NS), these
findings were not statistically significant.

Overall Summary and Limitations of the Evidence

The strength of evidence is very low that robotic oropharyngeal salvage surgery for recurrent
neoplasm was was not significantly different for LOS and gastrostomy tube dependence at six
months compared to open surgery.

KQ2: For robotic assisted surgery, what is the evidence of the severity and
incidence of safety or adverse event concerns compared with open or
laparoscopic approaches?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)

This single study reported no complications in the robotic salvage group. Two patients in the
open resection group developed post-operative wound infections and two developed
hematomas. However, all patients in both groups underwent either concomitant or staged neck
dissections. The study report appeared to present these complications as due to the neck
dissection surgery though occurring in the open surgery group.

Overall Summary and Limitations of the Evidence
There is very low strength of evidence regarding complications of robotic compared with open
oropharyngeal surgery.

KQ3: What is the evidence that robotic assisted surgery has differential efficacy
or safety issues in sub populations?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)
No studies were identified which addressed this key question.

Overall Summary and Limitations of the Evidence
No studies addressed this key question.
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KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery
compared with open or laparoscopic approaches?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)
No studies addressed this key question.

Overall Summary and Limitations of the Evidence
No studies addressed this key question.

Pancreatectomy

Four studies were identified that compare robotic, open, or laparoscopic approaches to
pancreatectomy.

KQ1l: What is the evidence of the clinical efficacy and effectiveness of robotic
assisted surgery compared with open or laparoscopic approaches not
using robotic assistance? Does robotic assisted surgery improve patient
outcomes?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)

Four retrospective cohort studies (Kang 2010b; Kang 2011a; Waters 2010; Zhou 2011)
compared robotic, open, or laparoscopic approaches to pancreatectomy. All were rated as poor
quality. Baseline group differences were noted in age, tumor type, tumor excision site (central
or distal pancreas, or pancreatoduodenectomy), presence of symptomatology, and specimen
length. Sample sizes varied from 15 to 57 (N=133). Follow-up times ranged from none to 19
months. Surgical outcomes will be reported by grouping comparative interventions.

The robotic procedure was found to have favorable outcomes compared to the laparoscopic
procedure in terms of blood loss (275.0 £ 221.7 mL robotic vs. 858.3 £ 490 mL laparoscopic,
p=0.038, Kang 2011b) in one study, but non-significant differences in two other studies (Waters
2010, Kang 2011b). Compared to the open procedure, the robotic procedure had significantly
less blood loss in two studies (153.75 + 43.4mL robotic vs. 210 £ 53.2 mL open, p=0.045, Zhou
2011; 275.0 £ 221.7 mL robotic vs. 858.3 + 490 mL open, p=0.038, Kang 2011b). The same two
studies also reported shorter length of stay among those in the robotic group compared to
those in the open group (16.4 + 7.1 days vs. 24.3 + 7.1 days, p=0.04, Zhou 2011), though the
difference reported in the Kang (2010b) study was not significant. Robotic surgery and
laparoscopic surgery were found to have similar LOS in one study (Kang 2011b).
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Overall, operative times in the robotic groups were consistently longer than those of the
laparoscopic groups (Kang 2011a; Waters 2010) or open groups (Kang 2011b; Waters 2010;
Zhou 2011).

Overall Summary and Limitations of the Evidence

There is low strength of evidence that robotic pancreatectomy was associated with longer
operative times compared to laparoscopic and open surgical approaches. The strength of
evidence is very low that LOS and EBL decreased for robotic versus open procedures. There is
very low strength of evidence of mixed results for blood loss, but similar LOS, compared to
laparoscopic procedures.

KQ2: For robotic assisted surgery, what is the evidence of the severity and
incidence of safety or adverse event concerns compared with open or
laparoscopic approaches?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)

The four studies above addressed this key question in aggregate only. Only one of four studies
noted a significant difference between groups in overall complications (Zhou 2011) favoring the
robotic group (25% robotic vs. 75% open, p=0.04). The other two studies comparing open and
robotic pancreatectomy found no significant differences in complications between groups
(Kang 2011b; Waters 2010). Both studies comparing laparoscopic and robotic pancreatectomy
found no significant differences (Kang 2011a; Waters 2010).

Overall Summary and Limitations of the Evidence
There is low strength of evidence that robotic surgery resulted in mixed findings for
complications compared to open and laparoscopic approaches.

KQ3: What is the evidence that robotic assisted surgery has differential efficacy
or safety issues in sub populations?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)
No studies were identified which addressed this key question.

Overall Summary and Limitations of the Evidence
No studies addressed this key question.

KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery
compared with open or laparoscopic approaches?
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Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)

One study (Waters 2010) provided a fair quality cost analysis from the U.S. hospital perspective,
reporting direct, variable costs, and excluding professional fees. Data was collected from
hospital accounting records and included operative time and supplies, anesthesia, nursing,
laboratory, and overall hospital stay costs. Adjusted operative costs included amortized cost of
robotic system. Post discharge and other follow-up care costs were excluded from the analysis.

Cost outcomes were as follows comparing robotic vs. laparoscopic vs. open surgery:
e Operative, unadjusted: $4898; $3072; $3510, global p=0.04;
e Operative, adjusted: $6214; N/A; N/A;
e Hospital stay: $5690; $9828; $12,011, global p=0.01;
e Total, unadjusted: $10,588; $12,900; $15,521, NS; and

e Total, adjusted: N/A; N/A; $11,904, NS for comparison of adjusted robotic with other
unadjusted costs.

Overall Summary and Limitations of the Evidence
There is an overall low strength of evidence that robotic, open and laparoscopic
pancreatectomy had similar costs after adjustment for amortized equipment costs.

Pyeloplasty

One SR (Thavaneswaran 2009) and one subsequently published study were identified that
compare robotic and laparoscopic pyeloplasty.

KQ1l: What is the evidence of the clinical efficacy and effectiveness of robotic
assisted surgery compared with open or laparoscopic approaches not
using robotic assistance? Does robotic assisted surgery improve patient
outcomes?

Systematic Review and Technology Assessment Findings

Thavaneswaran (2009) identified four non-randomized comparative studies (N=224) that
compare robotic pyeloplasty to laparoscopic pyeloplasty for the treatment of ureteropelvic
junction obstruction (Bernie 2005; Link 2006; Weise 2006; Yanke 2008). Thavaneswaran notes
that methodological quality of the studies was assessed, but does not assign formal quality
ratings for each study.

A meta-analysis of the studies identified in the Thavaneswaran review was not performed.
Individual study findings suggested that those undergoing laparoscopic pyeloplasty may have
shorter operating times than those undergoing robotic surgery (100.2 m vs. 80.7 m, Link 2006).
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However, two other studies identified by Thavaneswaran (2009) reported that the operating
time between groups was statistically similar (Bernie 2005; Weise 2006).

Several statistically non-significant findings were reported. Among these were non-significant
differences in:

EBL (Bernie 2005; Link 2006; Weise 2006);
LOS (Bernie 2005; Link 2006; Weise 2006);
Surgical success rate (Link 2006; Weise 2006; Yanke 2008);

Post-operative pain (Weise 2006); and

Renal function (Bernie 2005).

Subsequently Published Studies (February 2009 to 2012)

The MEDLINE® search identified one additional retrospective cohort study (Bird 2011), which
was quality-rated as poor for its retrospective design and borderline high loss to follow-up (21%
lost). Additionally, the robotic group was more likely to have secondary ureteropelvic junction
obstruction. However, any resulting bias would likely have favored the laparoscopic group.

The Bird study (2011) found non-significant differences between robotic and laparoscopic
groups in terms of EBL, LOS, and operative time.

Overall Summary and Limitations of the Evidence

Low strength evidence found that robotic pyeloplasty and laparoscopic pyeloplasty achieve
similar outcomes in terms of EBL, LOS, surgical success rate, post-operative pain, and renal
function. Mixed evidence suggests that laparoscopic surgery may have yielded shorter
operating times than robotic procedures. Although the strength of the evidence is low, there is
notable consistency across most findings.

KQ2: For robotic assisted surgery, what is the evidence of the severity and
incidence of safety or adverse event concerns compared with open or
laparoscopic approaches?

Systematic Review and Technology Assessment Findings

The Thavaneswaran SR (2009) describes the complications reported in the four identified
studies regarding robotic pyeloplasty. Overall, the incidence of complications is not significantly
different between robotic and laparoscopic surgical modalities across all four studies.

Subsequently Published Studies (October 2009 to 2012)
Bird (2011) reports that the incidence of complications did not differ between robotic and
laparoscopic surgical groups.
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Overall Summary and Limitations of the Evidence

The strength of the evidence on complications arising from robotic and laparoscopic pyelplasty
procedures is low, but consistently reports that the two surgical approaches were similar in this
regard.

KQ3: What is the evidence that robotic assisted surgery has differential efficacy
or safety issues in sub populations?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Subsequently Published Studies (October 2009 to 2012)
None of the subsequently published studies addressed this key question.

Overall Summary and Limitations of the Evidence
There is no evidence on differential efficacy or safety issues across sub-groups for robotic or
laparoscopic pyeloplasty.

KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery
compared with open or laparoscopic approaches?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)

One study was identified that addressed the cost of robotic pyeloplasty compared with
laparoscopic pyeloplasty (Link 2006). Although this study was included for its clinical outcomes
data in the Thavaneswaran SR, cost data was not included. The good quality Link (2006) analysis
used modeling to estimate to the projected perioperative costs of the two procedures, and
assessed its findings using a one-way sensitivity analysis. Link reported that laparoscopic
pyeloplasty operating time would need to increase 6.5 hours for robotic pyeloplasty to reach
cost equivalence. Overall, Link reports that the robotic procedure is at least 1.7 times more
costly than the laparoscopic procedure.

Overall Summary and Limitations of the Evidence

There is low strength of evidence indicating that the cost of robotic pyeloplasty was greater
than laparoscopic pyeloplasty based on projected perioperative costs from a single good quality
study. These findings are limited by potential bias that may have been introduced if the robotic
procedures were the first ones performed by surgeons at the institution.

Rectopexy

One SR (Maeso 2010) and two subsequently published studies were identified that compared
robotic rectopexty to open or laparoscopic rectopexy procedures.
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KQ1l: What is the evidence of the clinical efficacy and effectiveness of robotic
assisted surgery compared with open or laparoscopic approaches not
using robotic assistance? Does robotic assisted surgery improve patient
outcomes?

Systematic Review and Technology Assessment Findings

One good quality SR (Maeso 2010) was identified that addressed robotic rectopexy for the
treatment of rectal prolapse. Maeso identified one small (n=33) non-randomized controlled
study (Heemskerk 2007). The Maeso SR does not assign Heemskerk an individual quality rating,
but did assess the quality of the study, noting that it was not blinded or randomized, and that
there were significant differences between groups in terms of age. However, the effect that this
difference may have had on the results was not addressed.

The Maeso SR reported that Heemskerk study found longer surgical times in the robotic group
(39 minutes longer) but did not test the significance of this difference. Additionally, 5% of
patients in the robotic group were converted to open surgery, while no laparoscopic patients
were converted (Heemskerk 2007). Several outcomes were reported as being the same
between groups, including LOS, time to defecation, postoperative constipation, and
postoperative incontinence (Heemskerk 2007).

Subsequently Published Studies (August 2009 to 2012)

Two additional comparative studies were identified. One was a poor quality retrospective
cohort study (n=63) that compared robotic rectopexy to laparoscopic rectopexy (Wong 2011).
The other was a poor quality retrospective cohort study (n=82) that compared robotic
rectopexy to both laparoscopic rectopexy and open rectopexy (de Hoog 2009). Both studies
were limited by small sample size and retrospective study design.

Robotic rectopexy was reported as having longer operating times when compared to both the
laparoscopic procedure (221 + 39m robotic vs. 162 + 60m laparoscopic, p=0.0001, Wong 2011)
and open procedure (154 + 47m robotic vs. 119 + 31m laparoscopic, p<0.02, de Hoog 2009).
Additionally, those in the robotic group had greater odds of disease recurrence than those in
the open group (OR=24.41, 95% Cl: 1.45-410.7, de Hoog 2009).

However, Wong (2011) reported that the robotic procedure was associated with less blood loss
than the laparoscopic procedure (6 + 23mL robotic vs. 45 £ 91mL laparoscopic, p=0.048).
Additionally, those undergoing robotic rectopexy had shorter LOS than those undergoing the
open procedure (2.6 d robotic vs. 3.5 d open, p<0.001, de Hoog 2009).

Overall Summary and Limitations of the Evidence

Low strength evidence suggests that robotic rectopexy was associated with longer operating
times and higher odds of recurrence of rectal prolapse compared to open or laparoscopic
procedures. These findings are limited by small sample sizes (de Hoog 2009, Wong 2011) and
different inclusion criteria between groups (de Hoog 2009).
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KQ2: For robotic assisted surgery, what is the evidence of the severity and
incidence of safety or adverse event concerns compared with open or
laparoscopic approaches?

Systematic Review and Technology Assessment Findings

The Maeso (2010) SR briefly addressed complications associated with robotic and laparoscopic
rectopexy procedures, noting that the incidence of complications, including postoperative
constipation or incontinence, was similar between groups.

Subsequently Published Studies (August 2009 to 2012)

Both of the identified studies (de Hoog 2009; Wong 2011) report that the incidence of
complications was similar between robotic, laparoscopic, and open surgical groups. The Wong
(2011) study notes that there were no reported deaths in either the robotic or laparoscopic
surgical groups.

Overall Summary and Limitations of the Evidence
Low strength evidence consistently suggests that robotic, laparoscopic and open rectopexy
procedures were similar in terms of complication incidence.

KQ3: What is the evidence that robotic assisted surgery has differential efficacy
or safety issues in sub populations?

Systematic Review and Technology Assessment Findings
No SRs or TAs were identified that addressed this key question.

Individual Study Search Results (January 2002 to 2012)
No studies were identified that addressed this key question.

Overall Summary and Limitations of the Evidence
There is no evidence as to the differential efficacy or safety of robotic rectopexy compared to
other methods of rectopexy across sub-groups.

KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery
compared with open or laparoscopic approaches?

Systematic Review and Technology Assessment Findings

Maeso (2010) briefly reports that the costs associated with robotic rectopexy are €600 higher
than those of laparoscopic rectopexy. However, the details of what this cost estimate includes
were not provided.

Individual Study Search Results (January 2002 to 2012)
No studies were identified that addressed this key question.
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Overall Summary and Limitations of the Evidence

There is low strength of evidence indicating that robotic rectopexy was more expensive than
laparoscopic surgery. However, these findings are limited because the details of this cost
estimate and how it was formulated were not described.

Roux-en-Y Gastric Bypass

One SR (Maeso 2010) and three subsequently published studies were identified that compared
robotic Roux-en-Y gastric bypass to the laparascopic procedure.

KQ1l: What is the evidence of the clinical efficacy and effectiveness of robotic
assisted surgery compared with open or laparoscopic approaches not
using robotic assistance? Does robotic assisted surgery improve patient
outcomes?

Systematic Review and Technology Assessment Findings

The Maeso SR (2010) identified one RCT and three non-randomized studies that compared
robotic Roux-en-Y gastric bypass to the laparoscopic procedure for the treatment of morbid
obesity. The RCT was rated as good quality and two of the other studies did not compare
baseline characteristics so that selection bias could not be assessed. Sample sizes varied from
20 to 161 and follow-up time periods were not specified.

The Maeso SR performed a meta-analysis that found no significant differences in operative time
between groups (MD 10.12m, 95% CI -69.86 to 90.11, NS) but greater odds of conversion
among those in the robotic group (OR 9.46, 95% Cl 1.72 to 52.15) when compared to the
laparoscopic group (Maeso 2010).

Subsequently Published Study Results

Three retrospective studies were identified which addressed this key question (Ayloo 2011,
Park 2011, Hagen 2011) using the same comparative groups. All three studies were of poor
quality. The Ayloo study used non-contemporaneous controls and those in the robotic group
were younger. The Park study had a high dropout rate and the assignment to surgical technique
was unspecified. The Hagen study was limited by baseline differences between groups
(healthier patients in robotic group as determined by ASA score) and the potential for conflict
of interest (authors provided consulting or worked for the device manufacturer).

Between laparoscopic and robotic groups, surgical outcomes were mixed for comparisons
across the three studies of operating times, LOS, blood loss, and conversions. Weight loss
outcomes at 12 months noted not statistically significant differences between groups in either
study.

Between open and robotic groups, Hagen (2011) reported shorter ICU stay (2.0 days vs. 0.2
days, p<0.0001) and shorter total LOS (10.9 days vs. 7.4 days, p<0.0001).
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Overall Summary and Limitations of the Evidence

There was moderate strength of evidence that robotic Roux-en-Y gastric bypass was associated
with higher odds of operative conversion than laparoscopic gastric bypass, but was similar in
terms of operative duration. The conversions from robotic surgery were primarily to open
approach with a few converted to conventional laparoscopic approach. There were no
conversions from the laparoscopic primary procedures. There was low strength of evidence
that robotic Roux-en-Y gastric bypass was associated with shorter ICU and hospital stays than
open surgery.

KQ2: For robotic assisted surgery, what is the evidence of the severity and
incidence of safety or adverse event concerns compared with open or
laparoscopic approaches?

Systematic Review and Technology Assessment Findings
The odds of complications with robotic surgery vs. laparoscopic in the meta-analysis results
were: OR = 0.58; 95% Cl 0.21, 1.64 (NS). The complications were not specified.

Subsequently Published Study Results

Overall, the complication rates in the three subsequent studies (Ayloo 2011, Park 2011, Hagen
2011) were mixed or not significantly different between the intervention groups. Hagen (2011)
reported that the robotic group had significantly lower probability of anastomotic leaks (4.0%
vs. 0%, p=0.0349) and anastomotic strictures (6.8% vs. 0%, p=0.0002) than the laparoscopic
group. Additionally, laparoscopic patients were more likely than robotic patients to be
converted to open surgery (4.9% vs. 1.4%, p=0.0388), and to have reoperations (4.0% vs. 0.7%,
p=0.0349). The same study found no significant differences between open surgery and robotic
surgery on these outcomes (Hagen 2011).

Overall Summary and Limitations of the Evidence

There was low strength of evidence that complications were similar between laparoscopic and
robotic procedures. Although one study found significant differences in complications between
the laparoscopic and robotic groups, the study had substantial potential for bias in favor of the
robotic group. Additionally, the strength of evidence that complications were similar between
open and robotic Roux-en-Y gastric bypass was low.

KQ3: What is the evidence that robotic assisted surgery has differential efficacy
or safety issues in sub populations?

Systematic Review and Technology Assessment Findings
This SR did not address this key question.

Subsequently Published Study Results

One study was identified (Sanchez 2005) that reported a sub-group analysis for this procedure.
This was a RCT (N=50) comparing robotic to laparoscopic Roux-en-Y gastric bypass procedures

for the treatment of morbid obesity and evaluated these groups by BMI. This study was quality
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rated as good. The baseline characteristics of both groups were not significantly different and
there were no follow-up periods.

The surgical outcomes were reported as follows (favoring the robotic group):
e Reduced operative times (130.8 mins vs. 149.4 mins, P<0.001);
e Reduced operative time/BMI (expressed as mins per BMI) (2.94 vs. 3.47, P=0.02);

e Reduced operative times in patients with BMI >43 kg/m2 (123.5 mins vs. 153.2 mins,
P=0.009); and

e Reduced operative time/BMI in patients with BMI >43 kg/m?*(2.49 vs. 3.24, P=0.009).

Overall Summary and Limitations of the Evidence
There was low strength of evidence that robotic had shorter operative time than laparascopic
Roux-en 'Y, particularly as the degree of obesity increased.

KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery
compared with open or laparoscopic approaches?

Systematic Review and Technology Assessment Findings

This key question was addressed in narrative of the SR and not included in the meta-analysis.
The cost of robotic vs. laparoscopic Roux-en-Y gastric bypass procedures was €1,000 more
expensive in one of the included studies. This cost figure was not defined.

Subsequently Published Study Results

One subsequently published study compared costs of robotic Roux-en-Y gastric bypass surgery
to pure laparoscopic and open procedures (Hagen 2011). The cost analysis in Hagen was
limited by poor quality evidence that informed the analysis, use of only direct costs, unknown
source of cost inputs, and potential generalizability issues, as the data were collected in
Switzerland. Overall, the Hagen analysis (2011) reported that robotic surgery was associated
with lower costs compared to laparotomy and laparoscopic procedures (519,363 vs. $23,000 vs.
$21,697).

Overall Summary and Limitations of the Evidence

There is low strength of evidence that robotic gastric bypass surgery costs more than
laparoscopic gastric bypass. Although one cost analysis was identified that reported lower costs
for robotic surgery, the study possessed substantial limitations that could potentially bias
results in favor of the robotic group.

Sacrocolpopexy

One SR (Reza 2010) and five subsequently published studies were identified that compare
robotic sacrocolpopexy to open sacrocolpopexy procedures.
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KQ1l: What is the evidence of the clinical efficacy and effectiveness of robotic
assisted surgery compared with open or laparoscopic approaches not
using robotic assistance? Does robotic assisted surgery improve patient
outcomes?

Systematic Review and Technology Assessment Findings

Reza (2010) identified one prospective cohort study (n=178) that used historical controls to
compare robotic sacrocolpopexy to open sacrocolpopexy (Geller 2008). Since evidence findings
were limited to one study, a meta-analysis was not performed. The good quality Reza review
assessed the quality of the Geller study, noting that the study was not randomized, or blinded,
but had a clear objective. No other quality indicators were called out by the Reza review.

Reza reports that, according to the sole Geller study, robotic sacrocolpopexy was associated
with significantly less blood loss (109 mL vs. 225 mL, p<0.001), shorter LOS (1.3 d vs. 2.7 d,
p<0.001), and longer surgical duration (328 m vs. 225 m, p<0.001) compared to open
sacrocolpopexy.

Subsequently Published Studies (October 2009 to 2012)

The MEDLINE® search identified five comparative studies addressing robotic sacrocolpopexy for
treatment of vaginal or uterine prolapse (Paraiso 2011; Patel 2009, Seror 2011; Tan-Kim 2011;
White 2009). One study (Paraiso 2011) was a fair quality RCT (n=78) that was limited by its small
sample size. The other four studies were small (n=15, n=30, n=67, and n=78), poor quality
retrospective cohort studies (Patel 2009; Tan-Kim 2011; White 2009) and a prospective cohort
study (Seror 2011).

Patients undergoing the robotic procedure did not statistically significantly differ from those
undergoing open (Patel 2009) or laparoscopic (Paraiso 2011; Patel 2009; Seror 2011; Tan-Kim
2011; White 2009) in terms of LOS. Paraiso (2011) also reported similar time to return to
normal activities and reported limitation in activity between laparoscopic and robotic groups.
Additionally, White (2009) reported similar symptom relief between laparoscopic and robotic
groups.

Paraiso (2011) reported significantly less pain and less use of NSAIDs among those undergoing
the pure laparoscopic procedure compared to the robotic group (p<0.04). However, Seror
(2011) notes statistically similar use of pain medicines between laparoscopic and robotic
groups.

Findings on operating time and estimated blood loss were mixed across studies. Two studies,
including the fair quality RCT (Paraiso 2011) and a lower quality cohort (Tan-Kim 2011) noted
shorter operating time in the laparoscopic group (Paraiso 2011). Other low-quality cohort
studies found no statistically significant differences between laparoscopic and robotic groups
(Patel 2009; Tan-Kim 2011; White 2009). The only study to compare robotic sacrocolpopexy to
open surgery also found no statistically significant differences in operating time (Patel 2009).
One study reported less blood loss in the robotic group (55 mL vs. 280 mL, p=0.03, Seror 2011)
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compared to the laparoscopic group, while two other cohorts reported non-significant
differences (Patel 2009; White 2009).

Overall Summary and Limitations of the Evidence

Low strength evidence indicates that robotic and laparoscopic sacrocolpopexy resulted in
statistically similar activity limitation and time until return of normal activity level. Findings on
perioperative outcomes, such as operating time, LOS, and EBL, and symptom relief, were
mixed. Evidence comparing robotic sacrocolpopexy to open surgery was also mixed. Although
the Geller study reported in the Reza review reported shorter LOS, less blood loss, and longer
surgical duration among the robotic group, the Patel study found no significant differences
between groups on these outcomes. Given the small sample size of the Patel study (n=5 in each
arm), it was likely underpowered to detect such differences. The strength of evidence
comparing robotic sacrocolpopexy to open surgery is very low.

KQ2: For robotic assisted surgery, what is the evidence of the severity and
incidence of safety or adverse event concerns compared with open or
laparoscopic approaches?

Systematic Review and Technology Assessment Findings

Reza reports that, according to the sole Geller study, robotic sacrocolpopexy was associated
with significantly higher incidence of postoperative fever compared to open surgery (Reza
2010).

Subsequently Published Studies (October 2009 to 2012)
Three of the identified comparative studies reported briefly on the safety and incidence of
adverse events in robotic sacrocolpopexy as compared to open and laparoscopic procedures.

Several statistically non-significant findings were reported. Among these were non-significant
differences in:

e Intraoperative complications between robotic and laparoscopic sacrocolpopexy (Paraiso
2011; Tan-Kim 2011; White 2009);

e Postoperative complications between robotic and laparoscopic sacrocolpopexy (Paraiso
2011; Tan-Kim 2011; White 2009);

e Reoperation between robotic and laparoscopic sacrocolpopexy (White 2009).

Overall Summary and Limitations of the Evidence

The strength of the evidence on complications arising from robotic, laparoscopic and open
sacrocolpopexy is low. Compared to open surgery, robotic surgery was reported as having
increased incidence of postoperative fever. Additionally, several studies have found that the
incidence of complications is similar between robotic and laparoscopic methods.
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KQ3: What is the evidence that robotic assisted surgery has differential efficacy
or safety issues in sub populations?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Subsequently Published Studies (October 2009 to 2012)
None of the subsequently published studies addressed this key question.

Overall Summary and Limitations of the Evidence
There is no evidence on differential efficacy or safety issues across sub-groups for robotic,
laparoscopic, or open sacrocolpopexy.

KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery
compared with open or laparoscopic approaches?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)

Three of the identified studies described above (Paraiso 2011; Patel 2009; Tan-Kim 2011)
addressed the comparative costs of robotic sacrocolpopexy and laparoscopic or open
sacrocolpopexy. Additionally, a cost-minimization analysis (Judd 2010) was also identified that
analyzed a hypothetical cohort of women with pelvic organ prolapse using data from the Geller
(2008) study identified in the Reza SR (2010). All of the identified cost analyses were rated as
poor quality, primarily because the evidence used to inform the analyses was of poor quality.

Paraiso reported that the total healthcare system costs associated with the laparoscopic
procedure (approximately $14,342) were significantly less than those of the robotic procedure
(approximately $16,278), though costs of hospitalization and six-week post-operative care were
the same. Paraiso notes that the additional cost for the robotic procedure is primarily due to
additional operating room costs (51667, 95% Cl: $448 to $2885). Surgical costs and hospital
costs were also compared between robotic and laparoscopic procedures in the Tan-Kim study
(2011). In that study, surgical costs were higher in the robotic group than in the laparoscopic
group, but hospital costs were similar (Tan-Kim 2011). According to the Patel analysis, total
instrument costs were lower for the laparoscopic group than the robotic group because of
higher disposable instrument costs for the robotic procedure (Patel 2009).

Overall Summary and Limitations of the Evidence

There is low strength evidence that laparoscopic sacrocolpopexy was associated with lower
total healthcare system costs than robotic sacrocolpopexy. These findings may be limited by
potential bias in favor of the laparoscopic procedure if surgeons performing robotic procedures
had not yet attained complete proficiency. However, this bias may be balanced by the fact that
the highest quality analysis, performed in the Paraiso study, did not account for purchase or
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maintenance of the da Vinci system in its cost analysis. There is very low strength of evidence
that robotic sacrocolpopexy has higher total charges compared to open procedures.

Splenectomy

One study was identified that compared robotic-assisted splenectomy to laparoscopic
splenectomy.

KQ1l: What is the evidence of the clinical efficacy and effectiveness of robotic
assisted surgery compared with open or laparoscopic approaches not
using robotic assistance? Does robotic assisted surgery improve patient
outcomes?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)

The MEDLINE® search identified one retrospective cohort study comparing robotic to
laparoscopic splenectomy for treatment of hematologic disorders (Bodner 2005). This study
was a small (n=12) retrospective cohort rated as poor quality, primarily because of small sample
size and observational study design. However, the study did possess several strengths for a
study of its type. Notably, patients were matched by age, BMI, ASA score (a measure of
preoperative physical fitness), and preoperative platelet levels. Additionally, the same surgeon
performed all procedures.

The sole study identified did not report statistically significant findings in favor of robotic
surgery. However, Bodner (2005) reported that operating time for robotic splenectomy was
significantly longer than for laparoscopic splenectomy (154 m robotic vs. 127 m laparoscopic,
p<0.05, Bodner 2005). The two groups did not have significant differences in terms of LOS or
EBL (Bodner 2005).

Overall Summary and Limitations of the Evidence

There is very low strength evidence that laparoscopic splenectomy was associated with shorter
operating time as compared to robotic splenectomy. Additionally, there is low strength of
evidence that LOS and EBL were similar between surgical modalities.

KQ2: For robotic assisted surgery, what is the evidence of the severity and
incidence of safety or adverse event concerns compared with open or
laparoscopic approaches?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.
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Individual Study Search Results (January 2002 to 2012)

The Bodner (2005) study reported that differences between robotic and laparoscopic
splenectomy in complication incidence, including conversions to open surgery, were not
statistically significant.

Overall Summary and Limitations of the Evidence

The strength of the evidence on complications arising from robotic and laparoscopic
splenectomy is very low due to retrospective study design and small sample size. However, the
evidence suggests that the incidence and severity of complications was similar between the two
approaches.

KQ3: What is the evidence that robotic assisted surgery has differential efficacy
or safety issues in sub populations?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)
The Bodner (2005) study did not address sub-populations.

Overall Summary and Limitations of the Evidence
There is no evidence on differential efficacy or safety issues across sub-groups for robotic or
laparoscopic splenectomy.

KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery
compared with open or laparoscopic approaches?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)

Bodner (2005) reports robotic procedures had higher average procedural costs than
laparoscopic procedures (56,927 vs. $4,084, p<0.05). The cost difference was attributed to the
longer operation time, use of special instruments, and disposable supply costs in the robotic
group. Its cost assessment did not include the initial cost of the robotic system, but
maintenance costs were included.

Overall Summary and Limitations of the Evidence

There is very low strength evidence that robotic splenectomy incurred higher costs than
laparoscopic splenectomy, though the analysis relied primarily on itemized charges reported by
a single institution’s billing department.

Thymectomy

Two studies were identified that compare robotic thymectomy to thoracoscopic or open
surgery.
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KQ1l: What is the evidence of the clinical efficacy and effectiveness of robotic
assisted surgery compared with open or laparoscopic approaches not
using robotic assistance? Does robotic assisted surgery improve patient
outcomes?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)

The MEDLINE® search identified two comparative studies addressing robotic thymectomy for
treatment of myasthenia gravis (Cakar 2007; Ruckert 2011). Both studies were retrospective
cohort studies that used historic controls.

Two studies (total n=172) report on robotic thymectomy compared to conventional
thoracoscopic surgery (Ruckert 2011) or open surgery (Cakar 2007). The earlier Cakar study
was very small (n=19) and was rated as poor quality because of the small sample size,
noncontemporaneous controls, and differences between groups in terms of disease severity,
which may have biased the results in favor of the robotic procedure. The more recent Ruckert
(2011) study was a larger (n=153) cohort, but was also rated as poor quality because there were
no indications of estimate precision or statistical significance of findings, and
noncontemporaneous controls were used.

Robotic surgery was associated with increased frequency of remission at follow-up compared
to both open surgery (80% endoscopic vs. 100% robotic, no p-value given, Cakar 2007) and
thoracoscopic surgery (39.3% endoscopic vs. 20.3% robotic, p=0.01, Ruckert 2011). Additionally,
robotic surgery was associated with shorter LOS compared to open surgery (5 days robotic vs.
10 days open, p<0.05). Ruckert (2011) did not report LOS between robotic and thoracoscopic
procedures.

Compared to the open procedure, robotic thymectomy was associated with longer operating
times (154 m robotic vs. 110 m open, Cakar 2007). Operating times between the thoracoscopic
procedure and robotic procedure were similar (187 + 48 m robotic vs. 198 + 48 m
thoracoscopic, no p-value given, Ruckert 2011).

Several statistically non-significant findings were reported. Among these were non-significant
differences in:

e Bleeding incidence between robotic and thorascopic procedures (Ruckert 2011);

e Phrenic nerve resection between robotic and thoracoscopic procedures (Ruckert 2011);
and

e EBL between robotic and open procedures (Cakar 2007).
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Overall Summary and Limitations of the Evidence

The overall strength of evidence is low that robotic thymectomy was associated with clinical
improvement at follow-up and shorter LOS as compared to thoracoscopic or open thymectomy.
There is low strength evidence for longer operative times for robotic vs. open procedures. The
strength of evidence is low that EBL was similar among treatment groups.

KQ2: For robotic assisted surgery, what is the evidence of the severity and
incidence of safety or adverse event concerns compared with open or
laparoscopic approaches?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)

The two comparative studies addressing robotic thymectomy (Cakar 2007; Ruckert 2011) report
briefly on the safety and incidence of adverse events as compared to open and endoscopic
thymectomy procedures.

Several statistically non-significant findings were reported. Among these were non-significant
differences in:

e Conversion to sternotomy between robotic and thoracoscopic procedures (Ruckert
2011);

e 30-day mortality between robotic and thoracoscopic procedures (Ruckert 2011); and

e Major complications between robotic and open procedures (Cakar 2007).

Additionally, the very small Cakar study reported differences in adverse outcomes between
open and robotic groups, but the statistical significance of these findings was not tested due to
the small sample size. These findings suggested that the robotic procedure may have had fewer
postoperative complications, as well as a lower incidence of reoperation, compared to the open
procedure (Cakar 2007).

Overall Summary and Limitations of the Evidence

The strength of the evidence on complications arising from robotic, endoscopic and open
thymectomy is low. However, this limited evidence suggests that the incidence and severity of
complications was similar among all three surgical approaches.

KQ3: What is the evidence that robotic assisted surgery has differential efficacy
or safety issues in sub populations?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)
The two identified studies (Cakar 2007, Ruckert 2011) did not address sub-populations.
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Overall Summary and Limitations of the Evidence
There is no evidence on differential efficacy or safety issues across sub-groups for robotic,
endoscopic, or open thymectomy.

KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery
compared with open or laparoscopic approaches?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)
The two identified studies (Cakar 2007, Ruckert 2011) did not address costs.

Overall Summary and Limitations of the Evidence
There is no evidence on comparative costs of robotic, endoscopic or open thymectomy.

Thyroidectomy

Five studies were identified that compared robotic thyroidectomy to endoscopic or open
surgery.

KQ1l: What is the evidence of the clinical efficacy and effectiveness of robotic
assisted surgery compared with open or laparoscopic approaches not
using robotic assistance? Does robotic assisted surgery improve patient
outcomes?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)

The MEDLINE® search identified five comparative studies that addressed robotic thyroidectomy
(Kim 2011b; Lang 2011; Lee 2010; Lee 2011b; Lee 2011c). Of these, four were retrospective
cohort studies (Kim 2011b; Lang 2011; Lee 2010, Lee 2011c) and one was a prospective cohort
study (Lee 2011b).

Five studies (N=1,102) compared robotic thyroidectomy to conventional endoscopic surgery
(Kim 2011b, Lang 2011; Lee 2010a) or open surgery (Kim 2011b; Lee 2010, Lee 2011b) for the
treatment of thyroid cancer, goiter, or hyperthyroidism. Individual sample sizes ranged from 46
to 411, while follow-up time ranged from zero to six months. Two studies reported some
significant baseline differences between groups: the robotic groups were younger (Lee 2011b,
Kim 2011), were more likely to be female (Kim 2011b; Lee 2011b), had lower BMI (Kim 2011b;
Lee 2011b), and had less advanced disease (Lee 2011b). Treatment groups were otherwise
comparable at baseline. Four of the five identified studies (Kim 2011b; Lang 2011; Lee 2010, Lee
2011b) were rated as poor quality primarily due to retrospective design, potential for selection
bias (magnitude and direction unknown), or lack of follow-up. The fifth study (Lee 2011c) was a
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larger study (n=411) rated fair, though baseline differences between treatment groups may
have produced moderate bias in favor of the robotic procedure.

Among the identified studies, only the Lee (2010) study reported findings significantly favoring
robotic surgery. In that study, patients undergoing robotic surgery were found to have better
swallowing impairment index scores both one week (p=0.001) and three months (p=0.007)
postoperatively (Lee 2010). Additionally, patients undergoing robotic surgery reported greater
satisfaction with cosmetic results at three months than those undergoing open surgery
(p<0.001) (Lee 2010).

Two studies found open procedures resulted in significantly shorter operating times (Kim
2011b; Lee 2010) compared to the robotic procedure. Compared to endoscopic surgery, robotic
surgery was significantly associated with longer operating times in one study (3:16 + 0:45 hrs
robotic vs. 2:16 + 0:31 hrs endoscopic, p<0.001, Kim 2011) but significantly shorter times in
another (110.1 £ 50.7 m robotic vs. 142.7 £ 52.1 m endoscopic, p=0.041, Lee 2010). Both
studies were poor quality cohort studies.

Several statistically non-significant findings were reported. Among these were:

e LOS between open and robotic groups (Kim 2011b; Lee 2010);
e LOS between endoscopic and robotic groups (Kim 2011b; Lang 2011; Lee 2011b);

e Markers of completeness of thyroid tissue removal (i.e., surgical completeness):
thyroglobulin (Tg) levels and radioactive iodine (RAI) uptake between robotic and open
groups (Lee 2011b; Lee 2011c);

e Number of lymph nodes retrieved between robotic, endoscopic, and open groups (Kim
2011b);

e Tumor recurrence at 6 to 12 months between robotic and open groups (Lee 2010);

e EBL between robotic and open groups (Lee 2010) and robotic and endoscopic groups
(Lee 2011b);

e Analgesic use and pain scores between robotic and open groups (Lee 2010); and

e Voice handicap index between robotic and open groups (Lee 2010).

Overall Summary and Limitations of the Evidence

There is low-strength evidence that robotic thyroidectomy and endoscopic or open
thyroidectomy are similar in terms of most outcomes. While there was a quantity of research
for this procedure, most of the studies were poor and subject to substantial biases. Operative
times were longer for robotic procedures than open procedures, though evidence comparing
operative times in robotic thyroidectomy to endoscopic thyroidectomy was mixed. In terms of
patient-important outcomes (ease of swallowing, cosmetic satisfaction), robotic surgery
appeared to yield more favorable outcomes. However, these outcomes were only assessed by
one moderate quality study (Lee 2011b) and future studies may further inform these outcomes.
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KQ2: For robotic assisted surgery, what is the evidence of the severity and
incidence of safety or adverse event concerns compared with open or
laparoscopic approaches?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)

The MEDLINE® search identified five comparative studies addressing complications of robotic
thyroidectomy (Kim 2011b; Lang 2011; Lee 2010; Lee 2011b; Lee 2011c). Four studies reported
that the incidence of complications were comparable between groups (Kim 2011b; Lang 2011;
Lee 2010; Lee 2011b). One study (Lang 2011) reported findings related to complication severity,
noting that more patients undergoing robotic surgery had permanent nerve damage from the
procedure when compared to those undergoing endoscopic thyroidectomy, though fewer had
temporary nerve damage. However, these differences were not statistically significant. Three
studies reported that incidence of open surgery conversion was similar between robotic and
endoscopic groups (Kim 2011b; Lang 2011; Lee 2010).

Overall Summary and Limitations of the Evidence

The strength of the evidence for complications arising from robotic, endoscopic and open
thyroidectomy is low. However, consistent evidence suggests that the incidence and severity of
complications were similar among all three surgical approaches.

KQ3: What is the evidence that robotic assisted surgery has differential efficacy
or safety issues in sub populations?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)

The MEDLINE® search identified one comparative study that evaluated the relationship
between surgeon experience and operative time for robotic thyroidectomy and endoscopic
thyroidectomy (Lee 2010). This small, retrospective study reported that the surgeon learning
curve was shorter for the robotic procedure than the endoscopic procedure, in that operative
times steadied after 35 to 40 robotic procedures versus 55 to 60 endoscopic procedures (Lee
2010).

Overall Summary and Limitations of the Evidence

The overall strength of the evidence for surgeon learning curves between surgical modalities is
very low. Given that the same surgeon was concurrently performing both procedures and the
robotic group was more likely to have benign lesions and less likely to have lymph node
dissection, these findings are substantially vulnerable to potential biases.
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KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery
compared with open or laparoscopic approaches?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)

The MEDLINE® search identified one poor quality comparative study that discussed the costs
associated with robotic and endoscopic thyroidectomy (Lang 2011), reporting that the robotic
procedure costs were approximately $1,300 greater than endoscopic surgery costs. The authors
did not provide any details of the costs included in this estimate, or whether these costs were
direct or indirect.

Overall Summary and Limitations of the Evidence
Very limited evidence was identified regarding the differential cost between robotic
thyroidectomy and endoscopic thyroidectomy. As such, the strength of evidence is very low.

Trachelectomy
One study was identified that compared robotic trachelectomy to open radical trachelectomy.

KQ1l: What is the evidence of the clinical efficacy and effectiveness of robotic
assisted surgery compared with open or laparoscopic approaches not
using robotic assistance? Does robotic assisted surgery improve patient
outcomes?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)

The MEDLINE® search identified one small retrospective cohort comparing 37 women
undergoing robotic (n=12) or open (n=25) radical trachelectomy (Nick 2012) for treatment of
early cervical cancer while seeking to maintain their fertility. This study was rated as good
quality. The treatment groups had similar baseline characteristics, with no statistically
significant differences in age, parity, tumor stage or histology.

The Nick study found shorter LOS (1 d robotic vs. 4 d open, p<0.001) and lower EBL (62.5 mL
robotic vs. 300 mL open, p=0.0001) in the robotic group than in the open group (Nick 2012). No
statistically significant differences were noted between intervention groups regarding operating
times or transfusion rates.

Overall Summary and Limitations of the Evidence
There is very low strength of evidence that robotic-assisted trachelectomy resulted in shorter
LOS and reduced EBL when compared to the open approach.
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KQ2: For robotic assisted surgery, what is the evidence of the severity and
incidence of safety or adverse event concerns compared with open or
laparoscopic approaches?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)

The Nick study (2012) reported that the differences between intervention groups in less than
30 day morbidity, incidence of fever, urinary tract infection, or urinary retention were not
statistically significant. The overall morbidity incidence greater than 30days was greater in the
open surgery group, 13% vs. 58% (p=0.07), but this difference did not achieve statistical
significance. However, the rate of conversion to hysterectomy was significantly higher in the
robotic surgery group, 33% vs. 4% (p=0.03).

Overall Summary and Limitations of the Evidence

There is very low strength of evidence that the postoperative morbidities (fever, UTI, cervical
stenosis, menstrual bleeding) of both robotic and open trachelectomy was relatively similar
between both groups. However, there is a significantly higher rate of conversion to
hysterectomy in the robotic group.

KQ3: What is the evidence that robotic assisted surgery has differential efficacy
or safety issues in sub populations?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)
The Nick study (2012) did not address sub-populations.

Overall Summary and Limitations of the Evidence
There is no evidence on differential efficacy or safety issues across sub-groups for robotic or
open trachelectomy.

KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery
compared with open or laparoscopic approaches?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)
The Nick study (2012) did not address costs for this procedure.

Overall Summary and Limitations of the Evidence
There was no evidence identified regarding comparative costs of robotic vs. open
trachelectomy.
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Vesico-vaginal fistula

One study was identified that compared robotic vesico-vaginal fistula repair to the open
procedure.

KQ1l: What is the evidence of the clinical efficacy and effectiveness of robotic
assisted surgery compared with open or laparoscopic approaches not
using robotic assistance? Does robotic assisted surgery improve patient
outcomes?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)

The MEDLINE® search identified one small retrospective cohort comprised of 12 individuals
undergoing robotic vesico-vaginal fistula (VVF) repair who were case-matched to 20 controls
undergoing the same procedure via laparotomy (Gupta 2010). This study was quality rated as
poor. The treatment groups had similar baseline characteristics, with no statistically significant
differences in age, parity, previous delivery location, cause of fistula, history of surgical repair,
or fistula size.

The Gupta study found shorter LOS (3.1 days robotic vs. 5.6 days open, p<0.05) and lower EBL
(88 mL robotic vs. 170 mL open, p<0.05) in the robotic group than in the open group. Operating
time and surgical success rate was not statistically significantly different between groups.

Overall Summary and Limitations of the Evidence

The strength of evidence for all comparators and outcomes is very low. Although the strength
of evidence on the comparative effectiveness of robotic VVF repair is very low, robotic VVF
repair was associated with short hospital stays and lower blood loss compared to open VVF
repair. No differences in operating time or surgical success rate were reported. However, these
findings are limited to a single study, itself limited by retrospective design, small sample size,
and reliance on surrogate outcomes. Patient-important outcomes (e.g. time to return to normal
activity) were not measured.

KQ2: For robotic assisted surgery, what is the evidence of the severity and
incidence of safety or adverse event concerns compared with open or
laparoscopic approaches?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)

The Gupta study (2010) reported that the difference in complication incidence between robotic
and open VVF repair was not statistically significant. Two cases, both in the robotic group,
reported complications: one with a wound infection and one with dyspareunia.
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Overall Summary and Limitations of the Evidence

The strength of the evidence on complications arising from robotic and open VVF repair is very
low due to retrospective study design, small sample size, and insufficient follow-up. However,
the evidence suggests that the incidence and severity of complications was similar between the
two approaches.

KQ3: What is the evidence that robotic assisted surgery has differential efficacy
or safety issues in sub populations?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)
The Gupta study (2010) did not address sub-populations.

Overall Summary and Limitations of the Evidence
There is no evidence on the differential efficacy or safety issues across sub-groups for robotic or
open VVF repair.

KQ4: What is the evidence of cost and cost-effectiveness of robotic surgery
compared with open or laparoscopic approaches?

Systematic Review and Technology Assessment Findings
No SRs or TAs addressed this key question.

Individual Study Search Results (January 2002 to 2012)
The Gupta study (2010) did not address costs.

Overall Summary and Limitations of the Evidence
There is no evidence on comparative costs of robotic vs. open VVF repair.

Guidelines Summary

Summary of Guidelines and Quality Assessment

The search for clinical practice guidelines identified 14 guidelines that were published within
the past five years and pertained to robotic surgery: American Urological Association (AUA
2010), European Association of Urology (EAU 2011), National Comprehensive Cancer Network
(NCCN 2011; 2012a; 2012b), NICE (2006; 2008a; 2008b; 2008c; 2009a; 2009b), Society of
American Gastrointestinal and Endoscopic Surgeons (SAGES 2010, 2011) and Spanish National
Health Service (SNHS 2008). The guidelines are summarized below and described in more detail
in Appendix E. Appendix F describes each guideline’s quality assessment rating and Appendix G
has the guideline quality assessment tool.

Guidelines addressing the use of robotic technology across procedures are mixed. All
recommendations with the exception of NICE (2006; 2008c) and SAGES (2011, 2010) are based
primarily on whether the procedure is recommended for the indication rather than the specific
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use of robotic technology. In other words, in all other guidelines if the laparoscopic procedure is
recommended, then robotic is also included.

Recommendations are presented in Table 9. For the treatment of benign prostatic hyperplasia,
one poor quality guideline (AUA 2010) recommends laparoscopic prostatectomy and the use of
robotic technology is included in the recommendation. Laparoscopic prostatectomy for benign
prostatic obstruction with or without robotic assistance is not recommended by one fair quality
guideline (NICE 2008a). The treatment of prostate cancer with laparoscopic prostatectomy,
which could include robotic assistance, is recommended in two fair, and one good quality
guidelines (NICE 2008b; Spanish NHS 2008; NCCN 2012a). One fair quality guideline (NICE 2006)
does not recommend the use of robotically assisted laparoscopic prostatectomy. Two fair
quality guidelines (EAU 2011; NICE 2009) recommend laparoscopic cystectomy with or without
robotic assistance for the treatment of bladder cancer. One of those guidelines (EAU 2011)
considered the procedure as feasible but still investigational.

Guidelines for seven additional procedures were found including five recommendations
supporting the use of robotic assistance. Fair quality guidelines support the use of robotic
techniques in the following procedures:

e Esophagogastrectomy in the treatment of esophageal and esophagogastric junction
cancers (NCCN 2011);

e Radical and partial nephrectomy in the treatment of kidney cancer (NCCN 2012b);

e Pyeloplasty for pelviureteric junction obstruction (NICE 2009b);

e Fundoplication for GERD (SAGES 2010); and

e Pelvic lymph node dissection for prostate cancer (NCCN 2012).
A weak recommendation for the use of robotic assistance in myotomy for esophageal achalasia
is included in a fair quality guideline (SAGES 2011). A fair quality guideline on coronary artery

bypass grafting for coronary artery disease (NICE 2008c) recommends against endoscopic
robotically assisted procedures.

Table 9. Guideline Summary

Author, year Condition Evidence Quality | Recommendation
Base

Prostatectomy

American Urological benign prostatic hyperplasia | Systematic Poor When laparoscopic prostatectomy is

Association, 2010 review and indicated, use of robotic technology is
panel included in recommendation
consensus

NICE, 2008a benign prostatic obstruction Systematic Fair Laparoscopic prostatectomy with or
review without computer (robotic) assistance

is not recommended

NICE, 2008b prostate cancer Systematic Fair When laparoscopic prostatectomy is

review indicated, use of robotic technology is
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Author, year Condition Evidence Quality | Recommendation
Base
included in recommendation
NICE, 2006 prostate cancer Systematic Fair Robotically assisted laparoscopic
review prostatectomy is a development of this
procedure but it is not recommended
Spanish NHS, 2008 prostate cancer Systematic Good When laparoscopic prostatectomy is
review indicated, use of robotic technology is
included in recommendation
National prostate cancer Systematic Fair Laparoscopic & robotic-assisted radical
Comprehensive review prostatectomy are used commonly
Cancer Network
(NCCN), 2012a
Cystectomy
European Association | bladder cancer Systematic Fair Laparoscopic and robotic-assisted
of Urology, 2011 review laparoscopic cystectomy is feasible but
still investigational
NICE, 2009a bladder cancer Systematic Fair Laparoscopic cystectomy
review recommended including with
computer (robotic) assistance.
Other procedures
NCCN, 2011 Esophagogastrectomy for Systematic Fair Robotic considered acceptable
esophageal and review operative approach
esophagogastric junction
cancers
NCCN, 2012b Radical and partial Systematic Fair Open, laparoscopic or robotic surgical
nephrectomy for kidney review techniques may be used
cancer
NICE, 2008c Coronary artery bypass Systematic Fair Totally endoscopic robotically assisted
grafting (CABG) for coronary | review procedure not recommended
artery disease
NICE, 2009b Pyeloplasty for pelviureteric | Systematic Fair When laparoscopic pyeloplasty is
junction obstruction review indicated, use of robotic technology is
included in recommendation
Society of American Myotomy for esophageal Systematic Fair Weak recommendation for the use of
Gastrointestinal and achalasia review robotic assistance
Endoscopic Surgeons
(SAGES), 2011
SAGES, 2010 Fundoplication for GERD Systematic Fair Robotic —assisted surgery is
review recommended
NCCN, 2012a Pelvic lymph node dissection | Systematic Fair Use an open, laparoscopic or robotic
for prostate cancer review technique

Policy Summary

This section summarizes coverage policies by Medicare, Aetna, Regence Blue Cross Blue Shield
(BCBS), and Group Health addressing robotic assisted surgery. Appendix H provides further
detail and direct web links to each policy reviewed.
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Medicare

Medicare has not issued a national or local coverage determination for robotic assisted surgery.
Since 2005, Medicare has identified robotic assisted surgery as a non-reportable code (52900),
and does not provide additional reimbursement for the use of robotic surgical techniques.
Reimbursement is based on the underlying surgical procedure performed.

Aetna
No policies identified for robotic assisted surgery.

Group Health
No policies identified for robotic assisted surgery.

Regence BCBS Washington

Regence BCBS Washington does not provide additional reimbursement for robotic assisted
surgery. Reimbursement is based on the primary procedure performed. Regence has not set
forth clinical coverage criteria for the use of robotic assisted surgery.

Overall Summary

This report presents evidence about the application of robotic assisted surgery for over 25
different individual types of procedures, including prostatectomy, hysterectomy, nephrectomy,
various cardiac surgery procedures, adjustable gastric banding, adnexectomy, adrenalectomy,
cholecystectomy, various types of colorectal surgery, cystectomy, esophagectomy, fallopian
tube reanastomosis, fundoplication, gastrectomy, Heller myotomy, ileovesicostomy, liver
resection, lung surgery, oropharyngeal surgery, pancreatectomy, pyeloplasty, rectopexy, Roux-
en-Y gastric bypass, sacrocolpoplexy, splenectomy, thymectomy, thyroidectomy,
trachelectomy, and vesico-vaginal fistula. Overall, there was a lack of evidence to answer all
key questions for each procedure. Generally there is low to moderate strength of evidence that
robotic assisted procedures are associated with improved outcomes such as shorter hospital
stays, reduced blood loss and transfusion for several procedures (e.g. prostatectomy,
hysterectomy, nephrectomy, cystectomy). Where it has been examined, operative times using
robotic assistance are generally longer than for conventional surgeries. There is a general lack
of study for patient-centered outcomes (e.g., quality of life, longer survival). Many studies are
limited by small sample sizes, retrospective nature of data collection and analysis, dissimilar of
control groups, and inadequate control of potential confounders.

Many studies reported no or few types of adverse events and harms regarding the use of
robotic assistance for these procedures and the overall strength of evidence for harms was very
low for most procedures with the exception of prostatectomy, hysterectomy, nephrectomy,
fundoplication, and sacrocolpoplexy. Where it was reported, robotic assisted surgery generally
had similar complication rates to laparoscopic procedures (e.g. prostatectomy, nephrectomy,
fundoplication) or to open procedures (e.g. hysterectomy, gastrectomy, vesico-vaginal fistula).

There were insufficient data to address the question of differential safety or efficacy of robotic
assisted procedures for subgroups of patients by gender, age, patient characteristics or
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comorbidities, or type of payer for nearly all procedures. Where it was studied there were data
indicating that there is a “learning curve” for use of robotic equipment and that some outcomes
were improved with increasing levels of experience (e.g. operative time, LOS, and complication
rates for robotic prostatectomy).

There are start up equipment and training costs for robotic surgery and most of the included
economic evaluations offered insufficient or low overall strength of evidence to address
economic questions. In nearly all cases, the costs of robotic procedures were higher than
comparable laparoscopic or open procedures. Some costs may be offset if the procedure results
in shorter hospital LOS and the center has sufficient procedural volume over which to amortize
equipment costs. Cost-effectiveness studies are hampered by lack of full information on all
relevant outcomes and insufficient length of follow up to determine long term benefits and
safety.

Nearly all relevant guidelines recommend that robotic surgery is a viable alternative when
laparoscopic surgery is supported. However, there are some notable exceptions such as an
active recommendation against robotic assisted CABG by NICE. There are no Medicare NCDs or
LCDs for robotic-assisted surgery.
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Appendix A. MEDLINE® Search Strategy

Database: Ovid MEDLINE®(R) and Ovid OLDMEDLINE®(R) <1946 to February Week 1 2012>
Search Strategy:

1 exp Robotics/ (9390)

2 exp Surgical Procedures, Operative/ (2145324)
3 exp General Surgery/ (31224)

4  su.fs. (1427999)

5 2or3or4(2708446)

6 1and5 (5468)

7 exp Surgery, Computer-Assisted/ (6902)

8 robot$S.mp. (13004)

9 7and8(1297)

10 60r9(5547)

11 exp "Outcome and Process Assessment (Health Care)"/ (580943)
12 exp survival analysis/ (144692)

13  exp Mortality/ (242698)

14 mo.fs. (357802)

15 exp "Quality of Life"/ (95741)

16 exp "Activities of Daily Living"/ (44187)

17 exp "Costs and Cost Analysis"/ (160841)
18 exp Postoperative Complications/ (376177)
19 exp Intraoperative Complications/ (32412)
20 exp "Recovery of Function"/ (23041)

21 exp "Length of Stay"/ (49077)

22 exp Patient Readmission/ (6161)

23 exp Reoperation/ (59302)

24 10and 11 (1231)

25 12or13or14(562632)

26 10 and 25 (190)

27 15 or 16 (131810)

28 10and 27 (105)

29 18 or 19 (397886)

30 10and 29 (637)

31 20o0r21(71487)

32 10 and 31 (340)

33 22 or 23 (65330)

34 10 and 33 (60)
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